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(54) METHOD FOR SYNTHESIZING DNA 

(57) A DNA synthesis reaction-enhancer compris- 
ing at least one kind selected from the group consisting 
of acidic substances and cationic complexes; a DNA 
synthesis mettiod in whteh during a DNA synthesis 
reaction a reaction is carried out in the presence of the 
above enhancer by using DNA polymerase; a DNA syn- 
thesis reaction composition comprising the above 
enhancer; a DNA synthesis reaction composition com- 
prising two or more kinds of DNA polymerases each 
having 3' 5' exonuclease activity; a DNA synthesis 
method in which during a DNA synthesis reaction two or 
more kinds of DNA polymerases each having 3' -> 5' 
exonuclease activity are used; a kit for use in in vitro 
DNA synthesis, comprising two or more kinds of DNA 
polymerBses each having 3' 5' exonuclease activity; 
and a kit for use In in vitro DNA synthesis, wherein the 
kit comprises the DNA synthesis reaction-enhancer and 
DNA polymerase. According to the present invention, 
DNA synthesis can be carried out at an efficiency more 
excellent as compared to conventional DNA synthesis 
reaction. 
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TECHNICAL FIEUP 

5 [G001] The present invention relates to a DNA synthesis reaction-enhancer, a DNA synthesis method, a DiMA syn- 
thesis reaction coniposltion and a Idt usatHe for the DNA synthesis method, which are useful In the field of genetic engi- 
neering. 

BACKGROUND ART 

10 

[0002] The DNA synthesis is employed for various purposes in the research of the field of genetic engineering. 
Almost all of them, except for synthesis of short chain DNA such as oligonucleotides, are canied out kyy the enzymatic 
method utilizing DNA polymerase. Accordingly, the DNA polymerase is highly valuable for reagents for DNA sequenc- 
ing, DNA labelling, or site-directed mutagenesis. In addition, recently, thermostable DNA polymerases have beet) 

IS remarked with the developments of the polymerase chain reaction (PCR) method and the reverse transcrlption-PCR 
(RT-PCR) in which the PCR method and the reverse transcriptase reaction are combined. Therefore, various kinds of 
DNA polymerases suitable for PCR method mentioned above have been developed, and commercialized. 
[0003] The presently known DNA polymerases can be roughly classified by amino acid sequence homology into 
four families, among which Family A (pol I type enzymes) and F^ily B (a-type enzymes) account for the great majority. 

20 Although the DNA polymerases belonging to the respective families possess generally similar biochemical properties, 
detailed comparison reveals that depending upon individual enzymes, each of the DNA polymerases has different prop- 
erties for substrate specificity; substrate analog-incorporating efficiency; degree and rate for primer extension; mode of 
DNA synthesis; presence or absence of exonuclease activity; optimum reaction conditions such as temperature and 
pH, and sensitivity against inhibitors. Therefore, the enzyme best suited for the appiteatfon has so for been selected 

25 from the available DNA polymerases. 

[0004] For exanr^le, Pyroooocus furtosus, a hyperthemiophilk: archaebacterium, produces DNA polymerase 
belonging to a-type, and the gene thereof has been isolated [Nucleic Adds Research 21, 259-265 (1993)]. R&:)ently, 
novel DNA polymerase showing no structural similarity to any known DNA polymerase was found In the above bacterial 
strain. In this DNA polymerase, two novel proteins fonn a complex, whereby exhibiting DNA polymerase activity. In addi- 

30 tion, the novel DNA polymerase exhibits potent 3'->5* exonudease activity and excellent primer extension activity. For 
example, when the enzyme is used for PCR, a DNA fragment of a size of about 20 kb can be amplified. 
[0005] On the other hand, in DNA synthesis reaction using DNA polymerase, it is Important to set appropriate reac- 
tion conditions, as well as to select an appropriate enzyme. Meyor conditions for reaction Include reaction mixture com- 
position, pH, reaction temperature, and template and primer concentration. In addition, these reaction conditions must 

35 be set in accordance with the enzyme used and the purpose. However, such settings may be difficult to make In some 
cases. 

[0003] In addition, there has been known that efficient DNA synthesis can be canied out by using a combination of 
plural DNA polymerases, wherein the efficient DNA synthesis could not be achieved by single DNA polymerase [Proa. 
Natl. Acad Sd. USA 91. 5695-5699 (1994)]. The method is a method using in PCR a mixture of DNA polymerase hav- 

40 Ing 3'-^5' exonudease activity (for example, the above Pyroooocus ftiriosus-derived a-type DNA polymerase) and DNA 
polymerase not having such an activity (for ^cample, Thermus aguaffei/s-derived DNA polymerase (Taq DNA polymer- 
ase), and is known as LA-PCR method. According to this method, there are exhibited such effects that the yield of 
amplified DNA is increased, as compared with that of conventional PCR using only one kind of DNA polymerase, and 
that long chain length of DNA which could not be ampfified by conventional PCR can be ampRfied. However, such 

45 effects are only exhibited when an enzyme having 3'^5' exonudease activity is used in combination with an enzyme 
having no such activity. 

[0007] As descrit)ed above, the DNA synthesis reaction using DNA polymerase is indispensable as a genetic engi- 
neering procedure. Moreover, it Is important to increase their effteiency for research or the like. However, a presentiy 
available reaction system has a defect In ttiat It Is not suffidently optimized to be utilized for research or the like. For this 
so reason, there has been a demand for a method enabling mors efficient DNA synthesis as compared to that of the con- 
ventional DNA synthesis reactions. 

PlgCUQSURE QF INVENTION 

S5 [0008] The present invention has been accomplished in view of the prior art described above, and an object of the 
present invention Is to provide (1) a DNA synthesis reaction-enhancer; (2) a DNA synthesis method characterized in 
that the reaction Is candied out In tiie presence of the DNA synthesis reaction-enhancer; (3) a DNA synthesis reaction 
composition comprising the DNA synthesis reaction-enhancer; (4) a DNA synthesis reaction composition comprising 
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two or more kinds of DNA polymerases each having 3' -¥ 5' exonudease activity; (5) a DNA synthesis method charac- 
terized In that during the DNA synthesis reaction two or more tdnds of DNA polymerases each having 3* 5* exonu- 
dease activity Is used; (6) a kit comprising two or more kinds of DNA polymerases each having 3' 5' exonudease 
activity; and (7) a kit comprising the DNA synthesis reaction-enhancer and DNA polymerase. 

5 [0009] As a result of Intenshre studies, the present inventors have found that efnclency of the DNA synthesis reac- 
tton lay DNA polynfierase is improved In the coexistence of at least one kind selected from the group consisting of acidic 
substances and catlonlc complexes. In addition, they have found that extremely efficient DNA synthesis Is generated 
when two or more kinds of DNA polymerases each having 3' ->> 5' exonudease activity are mixed. Further, excellent 
gene amplifk»tion reaction system is constructed by combination of these techniques, thereby completing the present 

10 Invention. 

[0010] Concretely, the gpst of the present invention relates to: 

[1] a DNA synthesis reaction-enhancer comprising at least one kind selected from the group consisting of acidic 
substances and catlonlc complexes; 
15 [2] a DNA synthesis method characterized In that during a DNA synthesis reaction a reaction is carried out in the 
presence of the DNA synthesis reaction-enhancer of Item [1] above by using DNA polymerase; 
[3] a DNA synthesis reaction composition comprising the DNA synthesis reaction-enhancer of item [1] above; 
[4] a DNA synthesis reaction composition comprising two or more kinds of DNA polymerases each having 3' 5' 
exonudease activity; 

20 [5] a DNA synthesis method characterized in that during a DNA synthesis reaction two or more kinds of DNA 
polymerases each having 3' -> 5' exonudease activity are used; 

[6] a kit for use in in vitro DNA synthesis, comprising two or nfiore kinds of DNA polymerases each having 3' 5' 
exonudease activity; and 

[7] a kit for use in in vitro DNA synthesis, wherein the kit comprises the DNA synthesis reaction-enhancer of Item 
2S [1 ] above and DNA polymerase. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(1) DNA Synthesis Reactlon-Enhcmcer of the Present inventton 

30 

[001 1 ] One of the great features of the present invention resides in that the DNA synthesis reaction-enhancer com- 
prises at least one kind selected from the group consisting of acidic 8ut)stances and cationto complexes. The DNA syn- 
thesis reaction-enhancer of the present invention can exhibit an action of enhancing DNA synthesis reaction by DNA 
polymerase, owing to contain at least one kind (active Ingredient) selected from the group consisting of addle sub- 
as stances and cationic complexes. 

[001 2] The term °DNA synthesis reaction-enhancer" of the present invention refers to the addte substance or cati- 
onic complex mentioned above alone, or a mixture comprising both the acidic substance and cationic complex, each of 
which Is capable of exhibiting an action of enhancing DNA synthesis reaction, in addition, as to the temi °DNA synthesis 
reaction-enhance" of the present invention, when a complex of an acldte 8ut)stemce and a cattonic complex Is formed, 
40 such a complex is also encompassed therein, as long as the substance is capable of exhibiting an actk>n of enhancing 
DNA synthesis reaction by DNA polymerase. 

[0013] Furthennore, mixtures in which various additives are supplemented within the range so that the mixture can 
exhibit the action of enhancing DNA synthesis reaction by DNA polymerase are also encompassed In the "DNA synthe- 
sis reaction-enhancer" of the present invention. 

45 [0014] The term "action of enhancing DNA synthesis reaction" can be examined fcyy the chain length of new syn- 
thetk: DNA chain per unit time or k>y the amount of amplified product in PGR per unit time, in addition, the action can 
also be examined by comparing an activity where at least one kind selected from the group consisting of acldk; sub- 
stances and cationic complexes is added with an activity where at least one kind selected from the group consisting of 
acldte sut)stance8 and cattonto complexes Is not added, when determining DNA polymerase activity, Ibr instance, when 

so detemnlnlng an incorporation of labeled nucleotide Into the new synthette DNA chain. Such an "action of enhancing 
DNA synthesis reaction" encompasses an action of Improving efficiency for synthesis reaction. 
[0015] It Is thought that the action of the DNA synthesis reaction-enhancer of the present invention is in, for exam- 
ple, but are not particulariy limited to, that the Dl^ synthesis reaction-enhancer acts as a DNA polymerase activity- 
enhancer on DNA polymerase, therek>y Inftproving its catalytic activity; or that nonspecific interaction of the enzyme on 

55 template DNA Is suppressed by retaining DNA polymerase on a molecule of the active ingredient of the above DNA 
syntiiesis reaction-enhancer, to provide the enzyme In the optimum amount for template DNA; and In addition that the 
DNA synthesis raactton-enhanoer acts on template DNA so as to keep Its steric structure so that the DNA synthesis 
reaction is easily progressed, theretiy ^dently exhibiting the activity of the DNA polymerase. In addition, It is thought 
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that another embodiment for the action of the DNA synthesis reaction-enhancer of the present Invention Is in the 
Improvement of the efficiency of annealing for template DNA and primers. 

[001 6] The acidic sukistances used in the DNA synthesis reaction-enhancer mentioned above are substances hav- 
ing an action of enhancing DNA synthesis reaction as DNA polymerase actlvlty-enhancerB, and concretely Include neg- 
5 atively charged substances or salts thereof, especially addle substances or salts thereof. 

[001^ In the DNA synthesis reaction-enhancer of the present Invention, a DNA synthesis reaction can be 
enhanced by optimizing the Interaction between DNA polyrnerase and template DNA, which Increases with the 
progress of the DNA synthesis reaction, when an acidic substance Is used. 

[001 S] The acidic substances having an action of enhancing DNA synthesis reaction include, for example, but are 
10 not particularly limited to, acidic polymer substances such as acidic polysaccharides. In addition, there can be used pol- 
yvinyl sulfates, polystyrene sulfates, polyglutamic adds, poiyacrylic adds, DNAs not functioning as templates (i.e., 
DNAs not serving as templates for synttiesis of subject DNA), and the (ike. In the present specification, the temi "acidic 
substance" also encompasses salts thereof. The acidic polysaccharides indude, for example, sulfate group-containing 
sulfated polysaccharides, representatively exemplified k>y sulfated-fucose-contalning polysaccharides, dextran sulfate, 
15 carrageenan, heparin, heparan sulfate, rhamnam sulfate, chondroitin sulfate, dermatan sulfate, and the like, and poly- 
uronic adGte such as hyaluronic add, algink: add and pectin. In addition, as the sulfated-fucose-contalning polysaccha- 
rides, there can be used, for example, sulfated-fucose-contalning polysaccharide-F or sulfated-fucose-contalning 
polysaccharfde-U. The term "sulfated-fucose-contalning polysaocharlde-F" as used herein refers to a sulfated-fucose- 
contalning polysaccharide substantially contains no uronic add, obtainable from brown algae or the like by the method, 
20 for instance, described in WO 97/26896 or WO 97/47208. in addition, the temri "sulfated-fucose-contalning polysaccha- 
ride-U" refers to a sulfated-fucose-contalning polysaccharide containing uronk: acid, obtainable by the methods 
described in the above publications. 

[0019] The salts of the acidic substances described above are not particularly limited, as long as they have an 
action of enhandng DNA synthesis reaction, with preference given to water-soluble salts. For example, there are 

25 included alkali metal salts such as sodium dextran sulfate, sodium alginate, sodium polyglutamates, sodium polysty- 
rene sulfates, heparin sodium, potassium polyvinyl sulfotes, potassium dextran sulfate and heparin lithium. 
[0020] The addto substances mentioned above may be those isolated and purified from naturally oocumng sub- 
stances or chemically or enzymafically synthesized products, as long as they maintain an action of enhandng DNA syn- 
thesis reaction. In addition, the acidic substances described above may be unpurified or partially purified products 

30 containing the acidic substances. Furthermore, the sadic sut)stances described at)ove may be appropriately modified, 
as long as the action of enhandng DNA synthesis reaction is maintained. In addition, the addte substances described 
above may be substances obtained by degradation procedures so as to have appropriate molecular weights, or those 
ot>tained by canying out molecular weight fractionation after such degradation procedures, as long as these sub- 
stances have an action of enhandng DNA synthesis reaction. In the present Invention, acidic sut)Stances having a 

3S molecular weight of several thousands or more can be preferably used. Furthermore, these substances may be used 
singly or in admixture of two or more kinds. 

[0021 ] The cationte complexes used for the DNA synthesis reaction-enhancer of the present Invention may be any 
substances, as long as they have an action of enhancing DNA synthesis reaction of DNA polymerase, and concretely 
include positively charged complexes or salts thereof especially complex cations or complex salts thereof. 

40 [0022] In the DNA synthesis reaction-enhancer of the present invention, when a catlonb complex is used, the effi- 
ciency for annealing between template DNA and primers can be Increased, and as a result, the DNA synthesis reaction 
can be enhanced. In addition, desired amplified fragments can be obtained even under conditions that have been diffi- 
cult In DNA amplification, even under conditions of, for example, low magnesium concentrations, low primer concentra- 
tions, low enzyme amounts, amplification of GC-rich regions, and the like. Furthermore, when the above cationk: 

45 complex is used, ampilfteation can be enhanced even In PGR for long-chain DNA. 

[0023] In addition, the DNA synthesis reaction can be further enhanced by combining tiie acidk: substances and 
cationic complexes mentioned atx>ve. 

[0024] The cationic complexes having an action of enhancing DNA synthesis reaction are not particulariy limited, 
and tiiere can be used, for instance, transition metal complexes. In the present specification, the term "cationic com- 

50 piex** also encompasses salts thereof. 

[0025] The transition metal complex may be any complex capable of exhibiting an action of enhancing DNA synthe- 
sis reaction, and complexes having as the central atom a transition element In Group VIM of tiie Periodb Table (Kagaku 
Jtten, 1st edition, Tokyo Kagaku Dojin) are prefenred. The above Group Vlll transition element Indudes, but not partic- 
ulariy limited, as long as it fonra a complex capable of exhibiting an action of enhandng DNA synthesis reaction, for 

55 Instance, cobalt (Co), rhodium (Rh), iridium (Ir) and the like. In addition, the ligands in the complex include, but not par- 
ticulariy limited to, monodentate ligands, bidentate ligands, tridentate ligands, and tetradentate ligands. For example, 
neutral ligands such as H2O, NI-I3, GO, NO and pyridine, and chelate ligands such as H2NCH2CH2NH2 may be exem- 
plified. In addition, the complex may contain as a ligand an anionte ligand, for instance, cr, 0H\ NO2', ON', 003^'. or 
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the like, as long as (t Is a catlonlc complex capable of being present as a compIeK cation In the reaction mixture. The 
kinds of Uganda in the above complex may be one kind or a plural kinds. Furthemnore, as to cationic complexes, there 
exist geometric isomerSi optteal teomers and linkage IsomerB, and any cattonic complexes are Included In the DMA syn- 
thesis reaction-enhancer of the present Invention, as long as they have an action of enhancing DN A synthesis reaction. 
5 [0026] Concrete examples of the transition metal complex include, for Instance, [Co(NH3)6]Cl3, 

[C0(H2NCH2CH2NH2)3lCl3, [Co(NH3)5(H20)]Cl3. [C0(H20)(NH3)5]2(S04)3, [C0(0H)(NH3)5lCl2, 

[Rh(H2NCH2CH2NH2)3]Cl3, [Rh(NH3)6]Br3, [Rh(NH3)5(H20)]Cl3, [RhCl2(NH3)4]a, [lr(NH3)6lCl3, [lfCI(NH3)5]Cl2, 
[lr(H2fMCH2CH2NH2)3]l3, and the like. Among the above-mentioned transition metal complexes, especially one or more 
kinds selected from the group consisting of [Co(NH3}b|CI3, [Co(H2NCH2CH2NH2)3]Cl3 and [Rh(H2NCH2CH2NH2)3|Cl3 
10 are preferable. 

[0027] The salts of the cationic complexes descrik>ed above are not particularly limited, as long as they have an 
action of enhandng DNA synthesis reaction, with preference given to water-soluble satts. For example, there are 
included salts of halogenldes such as chlorides; salts of inorgank: acids such as sulfates; and salts of organk; acids 
such as acetates. In other words, even salts of the acidic sut)stance and cationk: complex of the DNA synthesis reac- 
ts tion-enhancer of the present invention can be preferably used, as long as they ionize in the reaction mixture. 

[002S] The cationic complex mentioned above may, for example, be any substance, as long as it nnaintalns an 
action of enhancing DNA synthesis reaction. In addition, the cationic complex described above may be an unpurified or 
partially purified product containing the complex. Furthermore, the cationte complex may be appropriately modified 
within a range in which an action of enhancing DNA synthesis reaction is maintained. Furthennore, these substances 
20 can be used singly or in admixture. 

[0029] The DNA polymerase used for DNA synthesis reaction which is enhanced by the DNA synthesis reaction- 
enhancer of the present Invention is not particulariy limited, and Includes, for instance, pol l-type DNA polymerases [E. 
coii DNA polymerase I, Klenow fragment, Thermus aqfuaf/ctis-derived DNA polymerase (Taq DNA polymerase), and 
the like), a-type DNA polymerases [the above-mentioned a-type Pyrococcus furiosus-6ef\\fed DNA polymerase, Ther- 
25 mococcus /Ara//s-derlved DNA polymerase (VENT DNA polymerase), Pyrococcus sp. -derived DNA polymerase 
(Pyrobest DNA polymerase, KOD DNA polymerase), Pyrococcus sp. -derived DNA polymerase GB-D (DEEP VENT 
DNA polymerase), and the like], and non-a, non-poll type DNA polymerases not belonging to any of these polymerases. 
Incidentally, each of the poll type DNA polymerases and a-type DNA polymerases refers to a group of enzymes classi- 
fied by the honnology on the amino acid sequences thereof; and the feature on the amino add sequences is described 
30 in Nucleic Ackb Research 15, 4045-4057 (1991). 

[0030] In addition, the non-cx, non-pol I type DNA polymerases include, for example, DNA polymerase derived from 
Pyrococcus furiosus described in WO 97/24444. In the present specification, for the sake of distinguishing between the 
above non-o, non-pol I type DNA polymerase derived from above-mentioned Pyrococcus furiosus and the a-type DNA 
polymerase, which is similarly produced by Pyrococcus furiosus, the non-a, non-pol I type DNA polymerase Is referred 
35 to as Pfu DNA Polymerase II. In addition, the a-type DNA polymerase derived from the above-mentioned Pyrococcus 
furiosus is referred to as Ru DNA Polymerase I. 

[0031] Pfu DNA Polymerase 11 is an enzyme having the properties shown below. 
Properties of Pfu DNA Polymerase II: 

40 

1 ) Exhibiting higher activity when polymerase activity is detemilned for a case of using as the substrate a com- 
plex fonned by annealing primers to single-stranded template DNA than that of a case of using activated DNA 
as the 8ut)8trate; 

2) Having 3'->5' exonudease activity; 

45 3) Capable of amplifying DNA fragments of about 20 kilo base pairs without addition of another enzyme when 

polymerase chain reaction (PGR) is carried out with XDNA as a template under the following conditions: 

Conditions for PCR: 

so (a) Composition for Reaction Mixture: Comprising 10 mM Tris-hydrochloric acid (pH 9.2), 3.5 mM magnesium 

chloride, 75 ml^ potassium chloride, 0.4 mM each of dATR dCTR dGTP and dTTR 0.01% bovine serum albu- 
min, 0.1% Triton X-100, 5.0 ng/50 |il of XDNA, and 10 pmole/50 \i\ of primer AA (SEQ ID NO: 1 in Sequence 
Listing) and primer XB (SEQ ID NO: 2 In Sequence Listing), and 3.7 U/50 \i} of DNA polymerase; 
(b) Reaction Conditions: PCR is candied out in 30 cycles, wherein one cycle of reaction comprises a process 

55 consisting of 98^0, 1 0 seconds - 6B**C, 1 0 minutes. 

4) Constituted by two kinds of DNA polymerase-constituting proteins corresponding to about 90,000 Dattons 
and about 140,000 Daltons on SDS-mGE. 
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[0032] In addition, the gene encoding the above Pfu DNA Potymerase (I has been already cloned, and Escherichia 
CO// JM109 transfbmned with plasmid pFUIOOl carrying the gene is named and Identified as Escherichia cdi 
JM1 09^1^1 001, and deposited under the accession number of PERM BP-6579 with the National Institute of Bio- 
science and Human-Technology, Agency of Industrial Science and Technology. Ministry of International Trade and 
5 Industry, of which the address is 1-3, HIgashi 1-chome, Tsuioiba^hi, lbarai(i-ken (Zipcode 305-8566), Japan, since 
August 11, 1995 (ctete of original deposit). Therefore, the transfomiant is cultured, and Pfu DNA polymerase II men- 
tioned above can be obtained from the resulting culture by, for example, the method described in W097/24444 (pages 
28-29, Example 3). 

[0033] In DNA synthesis reactions using various kinds of DNA polymerases described above, the efficiency of DNA 

10 synthesis of the DNA polymerases is surprisingly Increased by adding the DNA synthesis reaction-enhancer of the 
present invention to the reaction mixture. In this case, DNA synthesis effteiency increases similarly when using two or 
more kinds of DNA polymerases, for instance, two or more kinds of DNA polymerases each having 3'->5' exonudease 
activity (for instance, a-type DNA polymerase and non-o, non-pol I type DNA polymerase), or one DNA polymerase 
having 3'->5' exonudease activity and the other DNA polymerase having no 3'->5* exonudease activity. 

IS [0034] For example, the amount of amplified product increases, when PCR is candled out by using a reaction mix- 
ture supplennented with the DNA synthesis reaction-enhancer of the present invention, in comparison to one obtained 
by canying out PCR without this addition. For example, an amplified product can be obtained by the addition of the DNA 
synthesis reaction-enhancer of the present Invention, even under conditions that have conventionally been difficult in 
amplification. In addition, the amount of amplified product can be quantified by, for example, subjecting a given amount 

20 of the reaction mixture after PCR to electrophoresis, staining the gel after electrophoresis with ethidium bromkie or the 
like, and determining the fluorescence intensity of the band ascribed to the amplified product by nneans of an imaging 
analyzer or the like. When the amount of amplified product is quantified as described above and comparison is made 
between one in which PCR is carried out k>y using a reaction mixture added with the DNA synthesis reaction-enhancer 
of the present invention and one in whk:h PCR is carried out without such addition, the amount of amplified product 

25 shows an increase tyy about 2 to 5 folds, though the level of increase depends on length of a product to be amplified, 
GC content, and the like, in comparison with those. In addition, effteient DNA amplification is also possible from a small 
amount of template DNA. 

[0035] Furthermore, in PCR using the DNA synthesis reaction-enhancer of the present invention, the reaction time 
period required for obtaining the same amount of amplified product is shorter as compared to that of conventional PCR. 

30 [0036] Generally in PCR, DNA amplification is candied out by steps of dissociation (denaturation) of double 
stranded template DNA to single stranded one; annealing of a primer to single stranded template DNA, a complemen- 
tary strand synthesis (extension) from the primer. In addition, DNA amplification is also carried out in a so-called "shuttle 
PCR" fPCR IHou Saizensen (PCR Method Frontier)," * Proteins, Nucleic Acids and Enzymes* an extra number 41, No. 
5, 425-428 (1 996)], whtoh is a two-step reaction, in whteh among the three-step reactions described at)ove, tiie anneal- 

35 ing step and the extension reaction step of the prinner are carried out at the same tempereiture. The DNA synthesis 
reaction-enhancer of the present invention can particularty shorten the time period required for the above ectension 
step, the time period required for an entire synthesis reaction can be shortened, in either of the atxyve-mentioned three- 
step reaction and two-step reaction. 

[0037] Here, the reaction time required for obteining the same amount of amplified product by conventional PCR 

40 can be evaluated by, for example, using as a stendard the amount of amplified product when PCR is carried out tiy using 
a reaction mixture supplemented with the DNA synthesis reaction-enhancer of the present Invention. In other words, 
the reaction time period can be detemiined by sampling a reaction mixture for each cycle of PCR, wherein the PCR is 
carried out without the addition of the above enhancer, quantifying the amount of amplified product as described above; 
determining the number of cycles until reaching the same amount as the amplified amount obteined in the presence of 

45 the DNA synthesis reaction-enhancer of the present invention; and calculating the reaction time period from the number 
of cycles and the time period needed per one cycle. In addition, the time period needed per one cyde of PCR using the 
DNA synthesis reaction-enhancer of the present invention can be set to be shorter than the time period needed per one 
cyde of ordinary PCR. The time period needed per one cycle, in the case of 3-5tep reactions, for example, can be 
obtained as the sum of the retention time periods for each step of denaturation, primer annealing, and primer extenston, 

so and the time period for reaching each set temperatures from denaturation to primer annealing, from primer annealing 
to primer extension, and from primer extension to denaturation in the next cyde. In 2-step reactions, the time period 
needed per one cycle can be obteined as the sum of the retention times for each step and the transition time period 
between steps. When comparison is made between the total time period needed for the PCR to be carried out using a 
reaction mixture supplemented with the DNA synthesis reaction-enhancer of the present inventton and the total time 

55 period needed for PCR to be canied out without the addition, the total time period needed can be shortened to at>out 
1/2, whtoh may vary depending on a lengtii of a fragment to be amplified, GC content, and the like. 
[0038] Since the DNA synthesis reaction-enhancer of the present Invention can shorten the time period required for 
the entire amplification reaction, there can be exhibited an excellent effect that gene diagnostic method or the like can 
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be performed in shorter time periods tiy using the enhancer tbr gene diagnostic method or the like on the bas\B of PGR 
method. 

(il) DNA Synthesis Reaction Composition of the PiBsent Invention 

5 

[0039] As an emtx)dtment, the DNA synthesis reaction composition of the present invention includes, for instance, 
a composition comprising the DNA synthesis reaction-enhancer described In the above item (i). The atx)ve composition 
may comprise various components necessary for DNA synthesis using DNA polymerase, for example, dNTP, magne- 
sium chloride and buffer components for maintaining appropriate pH. The connposition may further comprise DNA 
10 polymerase. 

[cmo] The DNA polymerase contained In the DNA synthesis reaction composition is not particularty limited, and 
Includes various Icinds of DNA polymerases described in the above item (I). The DNA synthesis reaction composition 
may contain one kind of enzyme or may contain two or more kinds of (plural kinds of) enzymes. For exannpie, when a 
plurality of DNA polymerases are contained, the DNA polymerase may be the combination of DNA polymerase having 

IS S'-^S' exonuclease activity used for LA-PCR and DNA polymerase having no such activity mentioned above. In addi- 
tion, the DNA synthesis reaction composition of the present Invention comprising thennostable DNA pdymerase Is suit- 
able for synthesis of DNAs having nucleotide sequences which easily form higher order structures and the use for PGR. 
[0041] In addition, another embodiment of the DNA synthesis reaction composition of the present Invention 
includes a composition comprising two or more kinds of DNA polymerases each having 3*-^5' exonuclease activity. The 

20 at>ove composition may also comprise various components necessary for DNA synthesis as described akx>ve and/or 
the DNA synthesis reaction-enhancer mentioned above. 

[0042] As a composition comprising a plurality of DNA polymerases, compositions utilized in LA-PCR method have 
been conventionally known. As described above, a composition utilized for LA-PCR method is prepared by combining 
a DNA polymerase having 3'->5' exonuclease activity and a DNA polymerase having no such activity or exhibiting no 
2S such activity. 

[0043] The term "having 3'->5' exonuclease activity" as used herein means that the 3'->5* exonuclease activity 
owned by naturally occurring DNA polymerase has not been removed or reduced by a chemical method or genetk; engi- 
neering method, i.e., the activity is substantially owned. In addition, the term "DNA polymerase exhibiting no 3*^5' exo- 
nuclease activity" refers to a DNA polymerase of which 3'->5' exonuclease activity has been removed or reduced by a 
30 chemical method or genetk: engineering method. 

[0044] The present inventors have clarified that when DNA polymerases each having 3*->5' exonuclease activity 
are combined, surprisingly, DNA synthesis reaction can be accomplished at higher reaction rates than those by LA- 
PCR method. 

[0045] Such compositions include, for Instance, but are not particularty limited to, a composition comprising a com- 
as bination of thermostable DNA polymerase belonging to the a-type and thermostable DNA polymerase belonging to the 
non-a, non-pol I type. In addition, the perfonmance of the above composition is Improved kiy the addition of the DNA syn- 
thesis reaction-enhancer described above. 

[0046] One of the features of the above composition resides in that the DNA synthesizing rate per unit time is very 
high. When the above composition is used for PGR method, the time period needed for amplifying DNA of the same 

40 chain length Is shorter than that for conventional PGR method and LA-PCR method. Therefore, DNA amplification can 
be carried out even under PGR conditions that were Impossible for DNA amplification tyy conventional methods. 
[0047] Since the DNA synthesis reaction composition of the present invention can shorten the time period needed 
for an entire amplification reaction, there Is exhibited an excellent effect that gene diagnostic method or the like can be 
performed In shorter time periods tiy using the composition, for Instance, for genetic diagnostic method or the like on 

45 the basis of PGR method. 

(IN) DNA Synthesis Method of the Present invention 

[0046] According to the use of the DNA synthesis reaction-enhancer of the present Invention or the DNA synthesis 
so reaction composition of the present invention, a DNA synthesis reaction can be carried out at higher effteiency than that 
of conventional method by preparing a reaction mbcture. For example, when the DNA synthesis method of the present 
Invention is used for PGR method, an amplified product can be otytained with shorter reaction time than conventional 
PGR mettiod or 1.A-PGR method. 

[0049] Embodiments for the DNA synthesis method of the present Invention Include a method using two or more 
55 kinds of DNA polymerases; a method using DNA polymerase having 3'-^5' exonuclease activity and DNA polymerase 
having no such activity; a method using two or more kinds of DNA polymerases each having 3'->5' exonuclease activity; 
and a method using a-type DNA polymerase and non-o, non-pol 1 type DNA polymerase. Further, there is included a 
method in which the DNA synthesis method nnentioned above is canied out by PGR method. 
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[0050] According to the DNA synthesis method of the present invention, since the time period needed for an entire 
amplification reaction can be shortened, there can be exhibited an excellent effect that gene diagnostic method or the 
like can be performed in shorter time periods by using the method for gene diagnostic method or the litce on the basis 
of PGR. 

5 [00511 In addition, the DNA synthesis method of the present invention can also be utilized for such procedures uti- 
lizing DNA polymerases as DNA tabeRng and nucleotide sequencing by the dideoscy method. 

(iV) Kits for DNA Synthesis Method of the Present Invention 

10 [0t@2] DNA can be synthesized more conveniently and efficiently by using the kit of the present invention. The kit 
is not particularly limited, as long as the kit is usable for reactions Involving DNA synthesis, and includes kits for DNA 
synthesis reactions in vitro. Concrete examples include kits for DNA nucleotide sequencing by the dideoxy method, kits 
for DNA labeling, kits for PGR, kits for cDNA synthesis, and kits for stte-directed mutagenesis. 
[Ot^3] One of the great features of the kit of the present Invention resides In that the kit comprises the DNA synthe- 

15 sis reaction-enhancer of the present invention and/or two or more kinds of DNA polymerases each having 3'->5' exo- 
nudease activity. In other words, an embodiment includes a kit comprising the DNA synthesis reactton-enhanoer of the 
present invention, and another embodiment includes a kit comprising two or more kinds of DNA polymerases each hav- 
ing 3'-^5* exonuclease activity. Furthemriore, the present Invention also encompasses a kit comprising both the DNA 
synthesis reaction-enhancer of the present invention and the two or more kinds of DNA polynnerBses each having 3'-^5' 

so exonuclease activity. 

[0054] The DNA synthesis reaction enhancers include at least one kind selected from the group consisting of acidic 
substances and catlonic complexes described in the above item (1). The two or more kinds of DNA polymerases each 
having 3'->5' exonuclease activity include, for instance, a-type DNA polymerase and non-a, non-pol I type DNA 
polymerase, the polymerases preferably being thermostable DNA polymerases. The kit comprising the DNA synthesis 
25 reaction-enhancer of the present invention further comprises one kind or two or more kinds of appropriate DNA 
polymerases, with particular preference ghfen to thermostable DNA polymerases. This kit may also comprise reagents 
necessary for DNA polymerase reactions, such as dNTP, magnesium chloride, and buffer components for keeping the 
reaction mixture at appropriate pH, in any of the embodiments. 

[0055] The DNA synthesis reaction-enhancer mentioned above and DNA polymerases may k>e contained in the kit 
ao In the form of single components, or in the form added to the reaction buffer or the like. 

[0056] Since the DNA synthesis reaction using the kit of the present invention allows to give a very large amount of 
DNA synthesized per unit time period than that of ordinary reaction systems, there Is exhibited an excellent effect that 
the time period needed for the procedures can be shortened when applied to various kinds of procedures invohnng DNA 
synthesis reactions, representatively exemplified by DNA labeling, PGR, cDNA synthesis, and site-directed mutagene- 
35 sis. For example, when this kit Is applied to PGR, the time period needed for amplifying a DNA of the same chain length 
is shorter than that of conventional PGR method and LA-PGR method. Therefore, DNA amplification can be canled out 
even under PGR conditions that were Impossible for DNA amplification by conventional methods. In addition, the kit of 
the present invention can shorten the time period needed for an entire amplification reaction, there is exhibited an excel- 
lent ef^ that gene diagnostic method or the like can be perfonmed in shorter time periods tiy using the kit for gene 
40 diagnostic method or the like on the basis of PGR method. 

[COST] In addition, the kit of the present invention Is utilized to amplify nucleic adds by PGR nfiethod, so that there 
is exhibited an excellent effect that the time period needed for an entire ampfificatlon reaction can be shortened, or that 
the yieki of the product obtained by the amplification reaction can be improved. In this case, a reaction mixture for ampii- 
ftoatton Is prepared by mixing reagents necessary for PGR contained in the Idt, and at least one kind selected from the 
45 group consisting of acidic substances and catlonic complexes Is added to the reaction mixture. Thereafter, a reaction 
in cycles is canried out in whteh each of denaturation, annealing, and extension processes is repeated. At least one kind 
selected from the group consisting of acidic sut)stances and cationk^ complexes is added in an amount effective for 
shortening the reaction time period and/or for increasing the yield of the amplified product. Furthemnore, in PGR 
method utilizing the kit of the present invention, there Is exhibited an excellent effect that the chain length of the frag- 
so ment amplified is made longer, in comparison to that otitained by PGR method not utilizing the kit of the present inven- 
tion. 

[0058] The reaction mixture mentioned above comprises the following components: 1) a nucleic add serving as a 
template, 2) an appropriate reaction buffer, 3) DNA polymerase, 4) dATP, dTTP, dGTP and dCTP, and 5) at least one 
oligonudeotide prfrner. At least one kind selected from the group consisting of addte substances and cationte com- 
55 plexes may be added in an effective anfwunt to the reaction mixture after preparation, or may be added as a component 
of the reaction buffer. 

[0059] According to the present invention, there is exhibited an excellent effect gene diagnostic method or the like 
can be perfonned in shorter time periods by the use for gene diagnostic method or the like on the basis of PGR, whtoh 
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involves the handling of a large number of saniplee. 

[0030] The present invention will be herelnbelow described in further detail by means of the wortdng examples, 
without Intending to restrict the scope of the present invention to these woiidng examples. 

[0031] In the fbltowing working escamptes, the activities of the conrvnercially available enzymes were shown on the 
5 basis of the indication for each enzyme, provided that the enzyme activity unit for Pfu DNA Polymerase II was shown 
by the value obtained by the method for detemninatlon of an enzyme activity described In Exanr^le 1 . In addition, unless 
specified othenftfise, the reaction solution comprising a commercially available enzyme was prepared In accordance 
wrtii the instiuction for each enzyme, or prepared by using a reaction buffer attached thereto. Unless specified other- 
wise, PGR was carried out by using GeneAmp PGR System 9600 (manufactured by Perkin-Elmer). 

10 

Example 1: Preparation of Pfu DNA Polymerase II 

[0032] Pfu DNA Polymerase II was purified from bacterial cells obtained by culturing Escherichia coli 
JM109/pFU1001 (PERM BP-5579), which was Escherichia coll JM109 transfonned with plasmid pFU1001 canning a 
IS gene encoding Pfu DNA Polymerase II, and used In the following procedures. Here, the culture of the transformant and 
the purification of the enzyme were carried out in accordance with the method described In W097J2AAA4 (for instance, 
pages 28-29, Example 3, and the like). 

[0033] Incidentally, the enzyme activity of Pfu DNA Polymerase II was detennined in the following manner. An acti- 
vated calf thymus DNA (manufectured by Worthtngton) (activated DNA) was used as a suk>strate. DNA activation and 

so determination of DNA polymerase activity were carried out by the method described in DNA Pofymerase from 
EschericNa coll, 263-276 (aufliored by C.C. Richardson), published by IHarper & Row, edited by D. R. Davis. To 5 ^1 of 
a sample of which the activity was to be detemriined was added 45 |il of a reaction mixture [20 mM Tris-hydrochloric 
acid (plH 9.0), 15 mM magnesium chloride, 2 mM 2-mercaptoethanol, 0.2 mg/ml activated DNA, 40 ^iM each of dATP, 
dCTP, dGTP and (fTTP, 60 nM ^H]-GrTTP (manufactured by Amersham)]. The resulting mixture was reacted at 7S^C for 

25 5 minutes. A 40 ^1 portion of this reaction mixture was then spotted onto DE paper (manufactured by Whatman) and 
washed witii 5% by weight Na2HP04 five times. Thereafter, the remaining radioactivity on the DE paper was deter- 
mined using a liquid scintillation counter. The amount of enzyme which incorporated 1 0 nmol of [^H]-dTMP per 30 min- 
utes into the substrate DNA, detemriined by the above-described enzyme activity determination method, was defined 
as 1 U of the enzyme. 

30 

Example 2: Preparation of Primers 

[0034] Eleven kinds of primers k^ to X3, to XI 0 and XL36 and XR485 were synthesized on the basis of the nucle- 
otide sequences of XDNA The nucleotide sequences for the primers X^ to X5 and to X10 are respectively shown In 

35 SEQ ID NOs: 3 to 10 of Sequence Listing. In addition, the nucleotide sequence for X7 is shown in SEQ ID NO: 1 1 of 
Sequence Listing. Further, the nucleotide sequences for AL36 and XR485 are respectively shown in SEQ ID NOs: 12 
to 13 of Sequence Listing. The chain lengths of amplified DNA fragments are shown in Table 1, the fragments being 
amplified by PGR witti XDNA as a template using the combinations of these primers. Further, 3 kinds of primers Ecol , 
Eco2 and Eco5 were synthesized on the basis of the nucleotide sequence of Escherichia coll genomic DNA. The nude- 

40 otide sequences of Ecol, Eco2 and Eco5 are respectively shown in SEQ ID NOs: 14 to 16 of Sequence Listing. The 
chain lengtiis of amplified DNA fragments are shown in Table 1 , the fragments being amplified by PGR with E. coli 
genomic DNA as a template using the combinations of these primers. Furttier, 2 kinds of primers ApoE-1 and ApoE-2 
were synthesized on the basis of the nucleotide sequence of human ApoE region. The nucleotide sequences of ApoE- 
1 and ApoE-2 are respectively shown in SEQ ID NOs: 1 7 to 1 8 of Sequence Listing. The chain lengths of amplified DNA 

45 fragments are shown in Table 1 , the fragments being amplified by PGR wItti human genomte DNA as a template using 
the combinations of these primers. 



Table 1 



Primer Pair 


Chain Length of Ampli- 




fied DNA Fragment (Id)) 


X1A2 


0.5 


X1A3 


1 


X1A4 


2 


X1/A5 


4 
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Table 1 (continued) 



Primer Pair 


Chain Length of Ampll- 
fieci DNA Ragment (Kb) 


K\fKf 


8 


A.1/AB 


10 


XlM.9 


12 


X1>5L10 


15 


XL36/31R485 


48.5 


Eco1/Eco2 


2 


Eoo1/Ecx>5 


10 


ApoE-1/ApoE>2 


0.44 



Example 3; Enhancement of PNA Synthesis Reqctjop by AcWIc Sulastance 

20 (1 ) Effects on Activity of Pf u DIMA Polymerase II 

[0065] The sutfated-fucose-contalning polysaccharide-F obtained by the method described in W097/26896 (for 
instance, Example 7, page 77, line 8 to page 78, line 1 3; Example 9, page 79, lines 7 to 1 8, and the like), the calf thymus 
DNA (manufactured by Worthtngton), heparin (manufactured by Wako Pure Chembals) were used as acidic sub- 
25 stances to examine the effects of these addto sutsstances imparted on the activity of Pfu DNA Polymerase li. 

[0068] A reaction mixture comprising XDNA as a tenr^late, primers XI and A3 as a primer pair, and Ru DNA 
Polymerase II as DNA polymerase was prepared, and PGR was carried out. The composition of the reaction mixture is 
as follows. 

3o Composition of Reaction Mixture: 

1 0 mM Tris-hydmchloric acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATP. dCTP, dGTP and oTTTP. 0.01 % BSA, 1 .25 U of Pfu DNA Polymerase II, 500 pg of XDNA, and 5 pmol each 
of primers XI and X3 (a final volume t)eing 25 

35 

[0067] Further, 5 ng of the sutfated-fucose-containing polysaccharide-F, 200 ng of the calf thymus DNA, or 0.5 ng, 
1 ng. 2 ng or 5 ng of heparin was respectively added to the above reaction mixture. 

[0068] The reaction was earned out in 25 cycles, wherein one cycle of reaction comprises a process consisting of 
98®C, 0 seconds - 68**C, 0 seconds. Here, in the present specification, the description such as "88^C, 0 seconds,' 
40 '68®C, 0 seconds" shows that the reactor is programmed so that the shift to the next temperature setting takes place 
simultaneously as the temperature reaches the set temperature. 

[0069] After the termination of reaction, 5 |il of the resulting reaction mixture was subjected to electrophoresis on 
1% agarose gel containing ethidium bromide in an amount of 0.00005%. The gel after electrophoresis was subjected 
to ultraviolet irradiation, to visualize a band ascribed to the amplified fragment, wheretvy an amplified fragment was con- 
45 flmied. As a result, there was confimied that an expected fragment of 1 kb was excellently amplified in any case where 
the acidic substances were added. When 0.5 ng of heparin was added, the fragment was especially highly efficiently 
amplified. On the other hand, for a similar reaction mixture except that an acidk: substance was not added, when PGR 
was carried out under the at>ove conditions, an amplified fragment of 1 kb couM not be confirmed. 
[0070] Further, the studies on the amplification of long chain length of DNA were canied out A similar reaction mix- 
so ture for PCR as above except that the amount of ADNA as a template was changed to 2.5 ng, and that the primer pair 
was changed to primers X1 and X5 or primers X1 and XI 0, respectively, was prepared, l-lere, 200 ng of the calf thymus 
DNA or 5 ng of the sulfated-fucose-contalning polysaccharide-F was added as an acidic substance. The reaction was 
carried out in 30 cycles, wherein one ^cle of reactton comprises a process consisting of 98''C, 0 seconds - eS'^C, 5 min- 
utes. As a result, when the calf thymus DNA or the sulfated-fucose-containing polysaccharkJe-F was added, an ampli- 
55 fled fragment of 4 kb was confirmed for the primers X1 and X5, and an amplified fragment of 15 kb was confirmed for 
primers X1 and XI 0, respectively. On the other hand, in a case where these acidic substances were not added, ampli- 
fied f rE^ments could not be confimied with either of the primer pairs. 
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(2) Effects of Pf u DNA Polymerase I on DNA Synthesis Reaction 

[0071] The effects of the sutfated-fucose-containing polysaccharlde-F, which is an acidic substance, imparted on 
the activity of Pfu DNA Potymerase i were examined. IHere, an enzyme prepared by utilizing recombinant DNA tech- 
5 nique (Cloned Pfu DNA Polymerase, manufeurtured by Stratagene) was used for Ru DNA Polymerase I. 

[0072] A reaction mixture comprising XDNA as a template, primers X1 and X2 as a primer pair, and Pfu DNA 
Polymerase I as DNA polymerase was prepared, and PGR was carried out. The composition of the reaction mixture Is 
as follows. 

10 Composition of Reaction Mbcture: 

Pfu DNA Polymerase I buffer (manufactured by Stratagene). 0.2 mM each of dATP, dCTP, dGTP and dTTP, 
1 .25 iJ of Ru DNA Polymerase 1, 500 pg of template DNA, and 5 pmol each of primers XI and X2 (a final vol- 
ume being 25 Two kinds of reaction mbctures were prepared: One with the addition of 20 ng of the sutfated- 
75 fucose-containing potysaocharide-F to the reaction mixture, and one without addition. 

[0073] The reaction in 25 cycles was carried out for the prepared reaction mixture, wherein one cycle of reaction 
comprises a process consisting of 94''C, 30 seconds - 55^C, 30 seconds - 72^C, 60 seconds. Thereafter, 5 ^1 of the 
resulting reaction mixture was subjected to electrophoresis on 1% agarose gel, wheretsy an amplified DNA fragment 
20 was confirmed. Tlie amount of the anrtplified DNA fragment of 0.5 kb was visualized in the same manner as descrit)ed 
above, and compared. As a result, it was found that the amount of DNA amplified in the reaction mixture added with 
sulfated-fucose-containing polysaccharide- F was larger. From this finding, it was confirmed that the DNA amplification 
efficiency by Ru DNA Polymerase I is improved Isy the addition of the sulfiated-fucose-containlng polysaccharide-F. 

^ P:g«mpl^A; PCR Using Two Kinds of DNA Polymerases Each H™ 
Exomiclease Activity 

30 

[0074] Studies were made on PCR simultaneously using both Pfu DNA Polymerase II and Ru DNA Potymerase I, 
each of which is DNA polymerase having 3' -> 5' exonuclease activity. Here. Cloned Pfu DNA Polymerase (manufac- 
tured by Stratagene) mentioned above was used for Ru DNA Polymerase I. 

35 

(1) PCR Using Mixture of Ru DNA Polymerase I and Pfu DNA Polymerase II 

[0075] A reaction mixture comprising XDNA as a template, and primers Xl and X8 as a primer pair, was prepared, 
and PCR was carried out In this PCR, both Pfu DNA Potymerase I and Ru DNA Polymerase II were used. The com- 
40 position of the reactton mixture Is as follows. 

Composition of Reaction Mbcture: 

10 mM Tris-hydrochloric acid (plH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
45 dATP, dCTP, dGTP and (fTTP, 0.01% BSA, 500 pg of tenrv)late DNA, and 5 pmol each of primers k\ and X8 

[0076] To the reaction mixture were added 0.375 U of Ru DNA Polymerase II, and 0.1 25, 0.375, 0.75 or 1 .25 U of 
Ru DNA Polymerase I, respectively, to make up a final volume of the reaction mixture of 25 ^1. In addition, as controls, 
a reaction mbcture prepared by adding only Ru DNA Polymerase I, and a reaction mbcture prepared t>y adding only Ru 

50 DNA Polymerase 11 were also prepared. 

[0077] The reaction In 25 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98^C, 0 seconds - 68**C. 3 minutes. Thereafter, 5 |il of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing etiildlum bromide in an amount of 0.00005%, whereby 
an amplified fragment was confirmed. As a result, amplification of a DNA fragment of 10 kb coukl not be confirmed by 

ss the addition of Ru DNA Polymerase I alone regardless of the amount thereof. In addition, while a very slight amount of 
a fragment of 1 0 kb could be found by the addition of Ru DNA Polymerase II atone. It was confinfned that amplification 
efficiency of a fragment of 10 kb was Improved In an amount-dependent manner kyy adciing Pfu DNA Polymerase I to 
Ru DNA Polymerase II. 



11 



EP1072678A1 

(2) Amplification of Dl^ Fragments Having Different Chain Lengtiis 

[0078] Using XDNA as a template, and each of primere X1 and X3, primers X1 and %A, or primers X1 and X5 as a 
primer pair, the reaction mixture having the following composition was prepared. 

5 

Composition of Reaction Mixture: 

1 0 mM Tris-hydrochloric add (pH 9.2), 75 mWi potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATR dCTP, dGTP and tfTTP. 0.01% BSA, 1 .25 U of Pfu DNA Polymersse I and 1 .25 U of Pfu DNA Polymerase 
10 II, 500 pg of XDNA, and 5 pmol each of the primers, 5 ng or 50 ng of sutfated-fucose-containing polysaccha- 

ride-F (a final volume being 25 |il). in addition, as a control, one without addition of sulftited-fucose-contalnlng 
polysaccharide-F was prepared. 

[0079] The reaction In 30 cydes was carried out for each of these reaction mixtures, wherein one cycle of reaction 
IS comprises a process consisting of 98*^ C, 0 seconds - 68'*C, 0 seconds. Thereafter, 5 |il of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidium bromide In an amount of 0.00005%, wheretiy 
an amplified fragment was confinned. As a result amplification of a DNA fragment of 1 Id), 2 kb or 4 kb could be con- 
flmied, depending upon the primer pair used. Regarding sulfated-f ucose-containing polysaccharlde-F, one added In an 
amount of 50 ng showed more excellent amplification efficiency as compared to the one added in an amount of 5 ng. 
20 On the other hand, in a case of one without addition, amplified fragments could not be confirmed. 

Example 5: Comparison with Conventional PGR Techniques 

(1) Amplification of Long Chain DNA 

25 

[0080] As to the amplification reaction of a DNA fragment of 1 0 to 1 5 Ids using ADNA as a template, a comparison 
was made between the reaction system described In item (2) of Example 4 and that for LA-PCR method using a com- 
bination of DNA polymerase having 3' 5' exonuclease activity and DNA polymerase having no such activity. IHere, 
the reaction mixture for L.A-PCR was prepared by using TaKaRa LA PCR Kit Ver. 2 (manufactured by Talcara Shuzo Co., 
30 Ltd.). - 

[0081] Using each of primers XI and XB, primers XI and X9, or primers XI and XI 0 as a primer pair, the reaction 
mixture having the following composition was prepared. 

Composition of Reaction IMixture: 

3S 

10 mM Tris-hydrochloric acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATR dCTP, dGTP and tfTTP. 0.01 % BSA. 1 .25 U of Pfu DNA Polymerase 1 and 1 .25 U of Pfu DNA Polymerase 
II, 500 pg of XDNA, and 5 pmol each of the primers, 50 ng of sulfated-fucose-containing polysaccharide-F (a 
final volume being 25 |ii). 

40 

[0082] in addition, a reaction mixture for LA-PCR (a final volume being 25 ^0 has the same amounts of template 
DNA and primers as the above-mentioned reaction mixture was prepared isy using TaKaRa LA PCR Kit Vet. 2 men- 
tioned above. 

[0083] The reaction in 25 cydes was carried out for each of these reaction mixtures, wherein one cycle of reaction 
45 comprises a process consisting of 98°C, 0 seconds - tB^C, 3 minutes. Thereafter, 5 \i\ of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, wherek>y 
an amplified fragment was confirmed. As a result, when Pfu DNA Polymerase I and Pfu DNA Polymerase 11 described 
in item (2) of Example 5 were used in combination, amplification of a DNA fragment of each of 1 0 Icb, 12 l(b and 15 kb 
for each primer pair was confirmed. 
so [0084] On the other hand, in the reaction employing the conventional LA-PCR, while amplification of a fragment of 
1 0 Icb was confirmed, amplification of fragments of 1 2 icb and 1 5 kb could not be found. 

[0085] incidentally, when amplification of the fragment of 12 kb was tried by changing the conditions for one cycle 
to one comprising a process consisting of 98°C, 0 seconds - 68''C, 5 minutes, amplification was found also for the reac- 
tk>n mixture for LA-PCR in this case. 

55 

(2) Amplification by Short Time Reaction of Short Chain DNA 

[0086] As to the amplification reaction of a DNA fragment of 0.5 to 4 kb using XDNA as a template, a comparison 
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was made between the reaction system described In Item (2) of Example 4 and that for LA-PCR method or that for KOD 
DNA Polymerase, which has been known to have high DNA synthesizing rate. Here, the reaction mixture for 
was prepared by using TaKaRa LA PGR Kit Ver. 2, and the -reaction mixture for KOD DNA Polymerase was prepared 
by using KOD DNA Polymerase, manufactured by TOYOBO CO., LTD. and attached reaction buffer, respectively. 
5 [COST] Using each of primere Xl and %2, primere XI and 7J^, or primere X1 and A5 as a primer pair, the reaction mix- 
ture having the following composition was prepared. 

Composition of Reaction Mixture: 

10 10 mM Tris-hydrochloric acid {pH 9.2), 75 mM potassium chloride, 6 wM magnesium chloride, 0.4 mM each of 

dATP, dCTP, dGTP and dTTP, 0.01% BSA, 1 .25 U of Pfu DNA Polymerase I and 1 .25 U of Pfu DNA Polymerase 
II, 500 pg of XONA, and 5 pmol each of the primers, 50 ng of sulfated-fucose-contalning polysaocharide-F (a 
final volume being 25 ^1). 

IS [0088] In addition, using the same primer pair as the above-mentioned reaction mixture, a reaction mixture for 1^- 
PCR and a reaction mixture for KOD DNA Polymerase (a final volume being both 25 ^1) were prepared. Here, to these 
two kinds of the reaction mixtures, template ADNA was added 2500 pg each. 

[0089] The reaction in 25 cydes was carried out for each of these reaction mixtures, wherein one c^cle of reaction 
comprises a process consisting of 98^C, 0 seconds - 68°C, 0 seconds. Thereafter, 5 \i\ of the resulting reaction mixture 
20 was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, wheretiy 
an amplified fragment was confirmed. As a result, when Pfu DNA Polymerase I and Ru DNA Polymerase II descrit)ed 
in item (2) of Example 5 were used In combination, amplification of a DNA fragment of each of 0.5 kb, 1 kb and 4 kb for 
each primer pair was confirmed. 

[WSOl On the other hand, in the conventional reaction mixture for l^-PCR or reaction mixture for KOD DNA 
25 Polymerase, only slight amplifteation of a DNA fragment of 0.5 kb coukJ be found, even though the reaction mixtures 
contained template DNA in a five-fold amount 

(3) Comparison of DNA Detection Sensitivity 

30 [0091 ] As to the amplification reaction of a DNA fragment using a slight amount of XDNA as a template, a compar- 
ison was made between the reaction system described In Item (2) of Example 4 and that for LA-PCR method. Here, the 
reaction mixture for LA-PCR was prepared by using TaKaRa 1^ PCR Kit Ver. 2. 

[0092] Using primere X^ and X2 as a primer pair, the reaction mixture having the following composition was pre- 
pared. 

35 

Composition of Reaction Mixture: 

10 mM Tris-hydrochloric acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4mM each of 
dATP, dCTP, dGTP and dTTP, 0.01% BSA, 1 .25 U of Pfu DNA Polymerase I and 1 .25 U of Pfu DNA Polymerase 
40 II. 0.05 fg of XDNA, and 5 pmol each of the primere, and 50 ng of sulfated-fucose-contalning polysaocharide- 

F (a final volume being 25 

[fOG&Zl In addition, a reaction mixture for LA-PCR having the same amounts of template DNA and primere as the 
above-mentioned reaction mixture was prepared. 

45 [0094] The reaction in 50 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98''C, 0 seconds - 68''C, 0 seconds. Thereafter, 5 \i\ of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, wheretiy 
an amplified fragment was confimied. As a result, amplificatfon of a DNA fragment of 0.5 kb could be confirmed only In 
the reaction system described In Item (2) of Example 4. 

so [0095] Next, the primer palre were changed to primers XI and XB, and the two kinds of reaction mixtures in the 
same manner as mentioned above were similarly prepared. The reaction in 50 cycles was carried out for each of these 
reaction mixtures, wherein one cycle of reaction comprises a process consisting of 98''C, 0 seconds - 68'*C, 3 minutes. 
Thereafter, 5 |il of the resulting reaction mixture was subjected to electrophoresis on 1% agarose gel containing ethid- 
ium bromide in an amount of 0.00005%, whereby an amplified fragment was confirmed. As a result, amplification of a 

55 DNA fragment of 1 0 kb could be found in the reaction system described in item (2) of Example 4, whereas no amplifi- 
cation of a DNA fragment was found in the conventional reaction mixture for LA-PCR. 
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Example 6: Preparatton of Sulteted-fucose-contalning P6hfflaccharide.F hv Brtnaction with Hot Water 

The sullated-fucose-containing polysaccharide-F used in the subsequent examples was purified by the fol- 
lowing process A preparation example of suifated-fucose-contalning polysaocharide-F is given hereinbelow. 

5 [0t»7] Gagome kombu was sufficientty dried, and thereafter 20 kg, a weight on a dry basis, of the Gagome kombu 
was pulverized. Next, the resulting dry powder was suspended in 900 liters of tap water containing 7.3 kg of catelum 
chloride «dihydrate, and the temperature was raised to SO^'C over a period of 40 minutes with stirring. The extraction 
was canried out for one hour with keeping at 90*" to QS^'C. Thereafter, the resulting solution was cooled to 20*^0, stopped 
stining, and allowed to stand ovemtght, to give an extract 

10 [0098] Next, solid-liquid separation was canled out using a centrifuge ([Model CNA, manufactured by Westfalla 
Separator Inc.). About 900 liters of supematant of the solid-liquid separation was obtained from the above extract by 
using the centrifuge. Three-hundred and sixty liters of the supernatant was filtered with a SPARKLER FILTER (manu- 
factured by Nippon Senshoku Kikai) Incorporated with a filter of a size of 3 \m (manufactured by Nippon Shokuhin 
Rozai). The filtrate was concentrated to a volume of 20 liters by UF membrane ("FEI 0-FC-FUS0382,'' manufactured by 

15 DAtCEL CHEMICAL INDUSTRIES, LTD.) having a fractionated molecular weight of 30000. Thereafter, 20 liters of tap 
water was added to the resulting concentrate, and the dilution was concentrated again to a volume of 20 liters. The dilu- 
tion-concentration operations as described above were repeated five time, to give 25 liters of a concentrate. 
[0(^9] To 700 ml of the above concentrate were added 0.2 M calcium chloride and 20 miVi sodium acetate as a final 
concentration. Thereafter, the resulting mixture was dialyzed against 20 mM sodium acetate-equilibrated buffer (pH 6.0) 

20 containing 0.2 M calcium chloride. The solution after the dialysis treatment was applied to 3500 ml of DEAE-Sepharose 
FF column (column inner diameter 9.7 cm) equiUbrated with 1 0 liters of the above equilibrated buffer, and washed with 
5 liters of the equilibrated buffer. The elutlon was canied out under 3-step gradient conditions given hereinbelow. 
[0100] Incidentally, the flow rate of the chromatography was set at 3500 ml/1 hour. Gradient Conditions: 

25 1 ] linear gradient of 0 to 0.5 M sodium chloride 
(amount of etuent 4.5 liters) 
2] linear gradient of 0.5 to 1 .0 sodium chloride 

(amount of eluent 4.5 liters) 3] linear gradient of 1 .0 to 2.0 M sodium chloride 
(amount of eluent 4.5 fiters) 

30 

[0101] The eluent was collected 250 ml per one fraction. Each fraction was subjected to sugar quantification by 
phenol sulfuric acid method, and to uronk: acid quantification by cariiazole-suifuric acid method. As a result, fractions 
of Fraction Nos. 40 to 53, whtoh were fractions having high sugar contents and low contents of uronic acid, were 
obtained. The fractions of Fraction Nos. 40 to 53 are refemed to "suifated-fucose-contalning potysaccharide-F frac- 
35 tions." Each of the sulfated-fucose-containing polysaocharide-F fractions was concentrated with a ultrafiltration mem- 
brane of 100000, and thereafter the concentrate was dialyzed against 50 mM sodium citrate, and further dialyzed 
overnight against distilled water. Subsequentiy, the mixture was lyophiiized, to give 1 .696 g of sulfated-fucose-contain- 
ing polysaccharide-F from the sulfated-fucose-containing polysaccharide-F fraction. 

40 Example 7: Preparation of Sufeted-fucose-oontalning PQlysaccharide»U by Extraction with Hot Water 

[0102] The sulfated-fucose-containing polysaccharide-U used In the subsequent examples was purified k>y the fol- 
lowing process. A preparation example of sutfated-fucose-conteining polysaccharide-U is given hereinbelow. 
[0103] Two tons of Gagome seaweed was pulverized, and the resulting dry powder was suspended In 44 ki of tep 
45 water contelning 730 kg of catelum chloride » dihydrate, and the temperature was raised to 95''C over a period of 1 hour 
and 35 minutes with stinlng. The extraction was carried out for 2 hours with keeping at 95'*C. Thereafter, the resulting 
solution was cooled overnight to room temperature. 

[0104] Next, solid-liquid separation was candied out by using a decanter (manufactured by Tanabe Wittech). The 
operating conditions were such that the separatton was carried out at 3000 to 3300 rpm (2560 G) over a period of at^out 
so B hours. The resulting supernatant of the solid-liquid separation was concentrated to a volume of 5 liters with a UF 
membrane f'FE10-FC-FUS0382,*' manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.) having a fractionated 
molecular weight of 30000. Thereafter, the concentrate was subjected to UF desalting. 

[0105] The above desalted solution was subjected to turbid removal with LINT FILTER (manufactured by Naigai 
Joki) incorporated with ADS/ANTEC #327 filter paper (manufactured by ADVANTEC). The filtrate was sterilized at QB^'C 
55 for 40 seconds with a plate heater (manufactured by Hisaka Seisakusho). The resulting extract was about 4620 Titers. 
A part of the extract was lyophiiized witii a lyophilizer (manufactured by Kyowa Shinku Gljuteu). 
[0106] Three-hundred and forty grams of the lyophiiized product was dissolved In 21 .2 liters of 20 miVl sodium ace- 
tate-equilibrated buffer (pH 6.0) contelning 0.2 M cateium chloride. The solutton was applied to about 35 liters of DEAE- 
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Sepharose FF column (column inner diameter: 35 cm) equilibrated with the above equilibrated buffer, and washed with 
70 liters of the equilibrated buffer. The elutlon was carried out under 3-6tep gradient conditions given hereinbelow. 
[0107] Incidentally, the flow rate of the chromatography was set at 35 iiters/1 hour. Gradient Conditions: 

5 1 ] linear gradient of 0 to 0.5 M sodium chloride 

(amount of eluent 120 liters) 
2] linear gradient of 0.5 to 1 .0 M sodium chloride 

(amount of eluent 120 liters) 
3] linear gradient of 1 .0 to 1 .5 M sodium chloride 
10 (amount of eluent 1 20 liters) 

[0108] The eluent was collected 10 liters per one fraction. Each fraction was subjected to sugar quantification by 
phenol sulfuric acid method, and to uronic acid quantification by carbazole-sulfuric add method. As a result, fractions 
of Fraction Nos. 4 to 16, which were fractions having high sugar contents and high contents of uronic acid were 

15 obtained. The fractions of Fraction Nos. 4 to 1 6 are referred to "sulfated-f ucose-containing polysaccharide-U fractions." 
Each of the sultated-fucose-contalnlng polysaccharlde-U fractions was concentrated with a ultrafiltration membrane 
having a cut-off molecular weight of 1 0000. Thereafter, the resulting concentrate was dialyzed by using a cellulose tube 
having a cut-off molecular weight of 12000 to 14000. First, the dialysis was carried out by twice an operation of 
exchanging an aqueous solution of 50 mM trisodium citrate • dihydrate every 3 to 4 hours with the aqueous solution, and 

20 thereafter overnight against the aqueous solution. Next, the dialysis was canied out by twice an operation of exchang- 
ing distilled water every 3 to 4 hours with distilled water, and thereafter ovemight against distilled water. Subsequently, 
the mixture was lyophilized, to give 37.6 g of sulfated-fucoseK^ontaining polysaocharide-U from the sultated-fucose- 
containing polysaccharide-U fraction. 

25 Exampte 8: Enhancement of PNA Synthegfe Reatfion Qf PfM PNA Polym^rage n by AoldiP SMbgtenpes 

[01 09] In the following example, PGR was carried out in Fast mode by using TaKaRa PGR Thermal Gycler Personal 
(manufactured by Takara Shuzo Go., Ltd.). 

30 (1 ) Effects of Sulfated-fucose-containlng Polysaccharide-F, Dextran Sulfate Powder and Sodium Alginate on Activity of 
Pfu DNA Potymerase II 

[01 1 0] Using the sutfated-f ucose-containing Polysaccharide-F obtained in Example 6 described above, dextran sul- 
fate powder (manufactured by Onco), or sodium cdginate (100 to 150 oentipoises, manufactured by Wiako Pure Chem- 
35 icais), the effects of these acidx) substances on the activity of Pfu DNA Polymerase II were examined. A reaction 
mixture comprising XDNA as a template, primers X^ and X2 as a primer pair, and Pfu DNA Polymerase II as DNA 
polymerase was prepared, and PGR was carried out The composition of the reaction mixture is as follows. 

Gomposition of Reaction Mbcture: 

10 mM Tris-hydrochloric add. pH 9.2, 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATP, dCTP. dGTP and dTTP, 0.01 % BSA, 1 .25 U of Pfu DNA Polymerase II, 1 00 pg of XDNA, and 5 pmol each 
of primers XI and %2 (a final volume being 25 ^1). Further, 1 0 ng of the sulfated-f ucose-containing polysaccha- 
ride-F, 1 0 ng of dextran sulfiate powder, or 1 fig of sodium alginate was respectively added to the above reaction 
45 mixture. 

[01 1 1 ] The reaction in 25 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a pnx^ess consisting of 9B'='G, 5 seconds - 66H^, 1 5 seconds. Thereafter, 5 |il of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0,00005%, whereby 
50 an amplified fragment was confirmed. The results are shown in Table 2. 
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Table 2 



Addle Substance 


Amount Added 


Amplification Results 


SurfBted-fucose-containing Pclysaocharide-F 


10 ng 


++ 


Dextran Sulfate Powder 


10 ng 


+ 


Sodium Alginate 


1 |ig 


+ 


No Addition 







•M-: Intensive amplifieation being obsen^; 

Amplification being observBd; 
±: Slight amplification being observed; and 

No amplification being bbserved. 



[0112] As shown in Table 2, there was confimied that an expected fragment of 0.5 kb was excellency amplified in 
any case where acidic substances were added. On the other band, for a similar reaction mixture without addition of the 
acidic substances, when PCR was carried out under the above conditions, an amplified fragment of 0.5 kb could not be 
20 confirmed. 



(2) Effects of Suifated-fucose-containing Polysaccharlde-F, Sulfated-fucose-contalntng Polysaccharide-U and Sodium 
Polyglutamate on DNA Synthesis Reaction by Pfu DNA Poiymerase II 

25 [Oil 3] Further, studies were conducted on the effects of the suifated-fucose-containing polysaocharide-F obtained 
in Example 6 descn'bed above, the sultated-fucose-containing potysaocharide-U obtained in Example 7 described 
above, or sodium polyglutamate (manufactured by Sigma) as an acidic substance. A reaction mixture for PCR was pre- 
pared in the same manner as described above except for changing the amount of template XDNA to 500 pg and the 
primer pairs to primers X^ and X3. Five nanograms of the suifated-fucose-containing polysaccharide-F, 5 ng, 1 0 ng, 20 

30 ng or 30 ng each of the suifated-fucose-containing polysaocharide-U, or 250 ng, 500 ng, 750 ng or 1000 ng each of 
sodium polyglutamate was respectively added to the above reaction mixture. 

[0114] The reaction was candied out in 30 cycles, wherein one cycle of reaction comprises a process consisting of 
98''C. 5 seconds - 66X, 15 seconds. After the termination of the reaction. 5 ^i of the resulting reaction mixture was sub- 
jected to electrophoresis on 1 % agarose gel containing ethidium bromide in an amount of 0.00005%, whereby an ampli- 
35 fied fragment was confirmed. The results are shown in Table 3. 



Table 3 



Acidk: Substance 


Amount Added (ng) 


Ampfification Results 


Suifated-fucose-containing Pdlysaocharide-F 


5 


++ 


Sulfiated-fucose-containing Pdlysaccharide-U 


5 


++ 




10 


+ 




20 


+ 




30 


± 


Sodium Polyglutamate 


250 


+ 




500 


+ 




750 


++ 




1000 


+ 


No Addition 







•M-: Intensive amplification being observed; 
•»•: Amplification being observed; 
±: Slight amplification being obsen^; and 
-: No amplification being observed. 
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[0115] As shown In Table 3, when the sulfated-fucose-containing potysaocharlde-F, the sutfated-fucose^ontalnlng 
polysaocharide-U, or sodium polyglutannate was added, an amplified fragment of 1 l(b was confimfied in any of these 
cases. On the other hand, an amplified fragment of 1 kb oould not be confirmed for one without addition of any of these 
acidic substances. 

5 

Example 9: Enhancement of DNA Synthesis Reaction of Tag DNA Polymerase by Acidic Substances 

[0116] Using the suifated-fucose-containing polysaccharide-F obtained In Example 6 described above or sodium 
alginate, the effects of these acidic substances imparted on TaKaRa Taq DNA Polymerase (manufactured by Takara 
10 Shuzo Co., Ltd.) were examined. In this example, PGR was canied out in normal mode by using TaKaRa PGR Themnal 
Cycler Personal. 

[0117] A reaction mixture comprising ADNA as a template, primers X1 and X3 as a primer pair, and TaKaRa Taq 
DNA Polymerase as DNA polymerase was prepared, and PGR was canied out The composition of the reaction mixture 
is as follows. 

IS 

Composition of Reaction {Mixture: 

TaKaRa Taq DNA Polymerase buffer, 0.2 mWi each of dATP, dCTP, dGTP and rfTTP, 1.26 U of TaKaRa Taq 
DNA Polymerase, 100 pg of XDNA, and 10 pmol each of primers X1 and A3 (a final volume being 50 ^1). Fur- 
20 ther, 0. 1 ng or 0.25 ng each of the sulfated-f ucose-contalning polysaccharide-F or 1 |ig of sodium alginate was 

respectively added to the above reaction mixture. 

[0118] The reaction was earned out in 30 cycles, wherein one cycle of reaction comprises a process consisting of 
98^G, 1 0 seconds * 68^G, 1 minute. After the termination of the reaction, 5 \i\ of the resulting reaction mixture was sub- 
25 jected to electrophoresis on 1 % agarose gel containing ethidium bromide In an amount of 0.00005%, whereby an ampli- 
fied fragment was continued. The results are shown in Table 4. 



Table 4 



30 


Acidic Substance 


Amount Added 


Amplification Results 




Sulfeted-fucose-containing Polysaccharide-F 


0.1 ng 


++ 






0.25 ng 


++ 


35 


Sodium Alginate 


lug 


+ 




No Addition 






40 


•M-: Intensive amplificaUon being observed; 
+: Amplification being ot»servBd; 
±: Slight amplification being obsenmd; and 
•: No amplification k>eing okiserved. 







[01 19] As shown in Table 4, there was conf imied that an expected fragment of 1 l<b was excellently amplified in any 
case where acidic substances were added. On the other hand, for a similar reaction mixture without addition of the 
45 acidic substances, when PGR was carried out under the above reaction conditions, an amplified fragment of 1 1d^ could 
not be confirmed. 

Example 10; Sflecte of AgMic Svibgtances on PNA PQlymerase for l-A-PCR 
so [0120] 

(1) The effects of the acidic substances were studied on LA-PGR method comprising a combination of DNA 
polymerase having 3' -> 5' exonuclease activity, and DNA polymerase having no such activity. A reaction mixture 
comprising XDNA as a template, primers XI and XB as a primer pair was prepared, and PGR was canied out In 
55 this PGR, TaKaRa EX-Taq DNA Polymerase (manufactured lay Talara Shuzo Co., Ud.) was used. The composition 
of the reaction mixture is as follows. 

In the following example, PGR was canied out in Fast nfiode by using TaKaRa PGR Thermal Cyder Personal 
(manufactured by Takara Shuzo Co., Ltd.). 
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ComposMon of Reaction Mixture: 

a reaction nnlxture contprising TaKaRa EX-Taq DNA Polynnerase buffer. 0.2 mM each of dATR dCTR dGTP 
and dTTR 10 pg of XDNA, 1 .25 U of TaKaRa EX-Taq DNA Polymerase, and 1 0 pmol each of primers X1 
and X8 (a final volume being 50 ^f). Further, 1 ng of the sutfated-fucose-containing polysaocharide-F or 0.5 
|ig of sodium alginate was respectively added to the above reaction mixture. 

The reaction was carried out in 27 cycles, wherein one cyde of reaction comprises a process consisting of 
SS^'C, 5 seconds - 6B®C, 3 minutes. After the termination of the reaction, 5 \l\ of the resulting reaction mixture was 
subjected to electrophoresis on 1% agarose gel containing ethldium bromide In an amount of 0.00005%, whereby 
an amplified fragment was confirmed. The results are shown in Table 5. 

Further, PGR was earned out for a reaction having the same composition as the above reaction mixture except 
for using 1 00 pg of XDNA as template DNA, and adding 0.25 ^g of sodium alginate or 1 ng of the sulfeted-fucose- 
containing polysaccharide-F as an acidic substance. 

The reaction was earned out In 29 cycles, wherein one cycle of reaction comprises a process consisting of 
OS^'C, 5 seconds - 68''C, 3 minutes. After the termination of the reaction, 5 |il of the resulting reaction mixture was 
subjected to electrophoresis on 1% agarose gel containing ethldium bromide in an amount of 0.00005%, whereby 
an amplified fragment was confirmed. The results are also shown in Table 5. 



Tables 



Amount of Template 
DNA 


Acidic Sut>stance 


Amount Added 


Amplification Results 


10 pg 


Sutfated-fucose-containing Polysaocharide-F 


1 ng 


++ 




Sodium Alginate 


0.5 |ig 


++ 




No Addition 






100 pg 


Sultated-fucose-containing Polysaccharide-F 


1 ng 


++ 




Sodium Alginate 


0.25 }ig 


++ 




No Addition 




± 



•H-: IntsnsiwB amplification being observed; 
•¥: Amplificalion being obsereed; 
1: Slight amplificalion being obsenred; and 
-: No amplification befaig observed. 



As shown in Table 5, there was confirmed that a fragment of 1 0 kb when adding an acidic substance was excel- 
lently amplified for any of the amounts of template DNA. On the other hand, when PGR was carried out under the 
above reaction conditions for a reaction mixture without addition of the acidic substances, an amplified fragment of 
1 0 Icb could be confimned very slightly for the case where template DNA was 1 00 pg. 

(2) The effects of the acidic substances were studied for KOD dash DNA Polymerase (manufactured by TOYOBO 
CO., LTD.), comprising a combination of DNA polymerase having 3' 5' exonudease activity, and DNA polymer- 
ase having no such activity. A reaction mixture comprising XONA as a template, primers X^ and X9asa primer pair 
was prepared, and PGR was canied out. In the following example, PGR was carried out in Fast mode t>y using 
TaKaRa PGR Thermal Gycler Personal (manufactured by Takara Shuzo Go., Ltd.). The composition of the reaction 
mixture is as follows. 

Composition of Reaction Mixture: 

exclusive buffer attached for KOD dash DNA Polymerase, 0.2 mM each of dATP, dGTP, dGTP and cfTTP, 1 0 pg 
of XDNA, 2^ U of KOD dash DNA Polymerase, and 10 pmol each of primers XI and X9 (a final volume being 
50 ^1). Further, 1 ng of the sulfated-fucose-containing polysaccharide-F or 0.5 |ig of sodium alginate was 
respectively added to the above reaction mixture. 

[0121] The reaction was canied out in 25 cycles, wherein one cyde of reaction comprises a process consisting of 



18 



EP1072 678A1 



98*^, 5 seconds - 68''C, 3 minutes. After the termination of the reaction, 5 \i\ of the resulting reaction mixture was sub- 
jected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, whereby an ampli- 
fied fragment was confimned. The results are shown In Table 6. 



Table 6 



Acidic Substance 


Amount Added 


Amplification Results 


Sulfated-fucose-containing Potysaocharide-F 


1 ng 


+ 


Sodium Alginate 


0.5 |ig 


++ 


No Addition 




± 



++: Intensive amplification being observed; 
+: Amplificatton being observed; 
±: Slight ampHflcation being observed; and 
No amplification being observed. 



[0122] As shown in Table 6, there was continued that an expected fragment of 12 kb was excellently amplified in 
any case where acidic substances were added. On the other hand, for a similar reaction mbcture without addition of the 
20 acidic substances, when PGR was earned out under the above reaction conditions, an amplified fragment of 12 kb 
could be only slightly confirmed. 

Fyampli^ll- PrRHsiiigT^ Kinds of DNAPo lvmm 
^ Exoimclease Activitv 



[0123] Studies were conducted on PGR simultaneously using Pfu DNA Polymerase 11 and any one of KOD DNA 
30 Polymerase (manufactured by TOYOBO GO., LTD.), VENT DNA Polymerase (manufactured t>y New England Biolab), 
or DEEP VENT DNA Polymerase (nrmnufectured by New England Biolab), each of which is DNA polymerase having 3' 
— > 5' exonuclease activity. 

[0124] A reaction mixture comprising XDNA as a template, primers X1 and X8 as a primer pair was prepared, and 
PGR was carried out In this PGR, a combination of Pfu DNA Poiymerase II and KOD DNA Polymerase, a combination 
35 of Pfu DNA Polymerase II and VENT DNA Polymerase, or a combination of Pfu DNA Polymerase II and DEEP VENT 
DNA Polymerase was respectively used. The composition of the reaction mbcture is as follows. 

Gomposrtion of Reaction Mbcture: 

40 10 mM Tris-hydroc^loric acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 

dATP, dGTP, dGTP and (fTTP, 0.01% BSA, 500 pg of ADNA, and 5 pmol each of primers X^ and X8. To the 
above reaction mixture was respectively added 0.375 U of Ru DNA Polymerase 11, and 3.75 mU of KOD DNA 
Polymerase, 6^5 mU of VENT DNA Polymerase or DEEP VENT DNA Polymerase, the reaction mbcture mak- 
ing up a final volume of 25 |il. 

45 

[0125] In addition, as controls, a rea<;tion mixture in v»rhich Ru DNA Polymerase II, KOD DNA Polymerase, VENT 
DNA Polymerase or DEEP VENT DNA Polymerase was added alone was prepared. The reaction in 30 cycles was car- 
ried out for each of these reaction mbctures, wherein one cycle of reaction comprises a process consisting of 98^0. 5 
seconds - 68**C, 3 minutes. Thereafter, 5 |il of the resulting reaction mbcture was subjected to electnophoresls on 1% 
so agarose gel containing ethidium bromide In an anwunt tt 0.00005%, whereby an amplified DNA fragment was con- 
finned. The results are shown in Table 7. 



55 
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Table 7 



5 


Combination of DNA Polyrnerase (Poiymerase A/Polynner- 
ase B) 


Amount of Enzvme Used 
(Polymerase A/ Polymer- 
ase B) 


AmDlificaHon ResuHs 




Pfu DNA Polymerase 11/ - 


0.375 U/- 


± 




- /KOD DNA Polymerase 


-/3.75mU 




10 


- /VENT DNA Polymerase 


-/6.25mU 


- 




- /DEEP VENT DNA Polymerase 


-/6.26mU 






Pfu DNA Polymerase It/ KOD DNA Polymerase 


0.375 U/3.75 mU 


+ 


IS 


Pfu DNA Polymerase 11/ VENT DNA Polymerase 


0.375 U/6.25 mU 


+ 




Pfu DNA Polymerase 11/ DEEP VENT DNA Polymerase 


0.375 U/6.25 mU 


+ 


20 


•M-: Intensive ampllficalion being observed; 
-f : Amplification being obeervsd; 
±: Slight amplification being observed; and 
No amplification being observed. 







[0126] As shown in Table 7, while an amplified fragment of 1 0 Icb was not found when using KOD DNA Polymerase, 
VENT DNA Poiymerase or DEEP VENT DNA Polymerase alone, there was found a slight amount of an amplified frag- 
25 ment of 10 ids when using Ru DNA Polymerase II alone. Further, in a system where 0.375 U of Pfu DNA Poiymerase 
11, and 3.75 mU of KOD DNA Polymerase, 6.25 mU of VENT DNA Polymerase or DEEP VENT DNA Polymerase Is used 
in combination, there was confirmed that an amplification efficiency of a fragment of 1 0 Icb was improved, as compared 
with the case of using Pfu DNA Poiymerase 11 alone. 

30 Exampte 1? 

[0127] PGR was carried out by using in combination Pfu DNA Polymerase II obtained in Example 1 and Pfu DNA 
Polymerase I (manufactured by Stratagene), which is a-type DNA poiymerase, and sodium alginate, which is an acidic 
substance. 

35 [0128] A reaction mixture comprising %DHA as a template, prtners XI and X3 as a primer pair was prepared, and 
PGR was earned out The composition of the reaction mixture is as follows. 

Composition of Reaction Mixture: 

40 reaction buffer for PGR (10 mM Tris-hydrochloric acid, pH 9.2, 75 mM potassium chloride, 6 mM magnesium 

chloride, 0.4 mM each of dATP, dCTP, dGTP and (HTP, 0.01% BSA, and 0.004% of sodium alginate), 10 pg of 
XDNA, and 5 pmol each of primers XI and X3. To the above reaction mbcture was added an enzyme solution 
containing 1 .25 U of Pfu DNA Polymerase II and 1 .14 U of Pfu DNA Polymerase I, the reaction mixture malcing 
up a final volume of 25 |il. 

45 

[0129] In addition, a reaction mixture without addition of sodium alginate was prepared as a control. The reaction 
in 30 cycles was candied out for each of these reaction mixtures, wherein one cycle of reaction comprises a process con- 
sisting of 98^C, 5 seconds - 66^ C, 15 seconds. Thereafter, 5 |il of the resulting reaction mixture was subjected to elec- 
trophoresis on 1% agarose gel containing ethldlum bromide in an amount of 0.00005%, whereby an amplified DNA 
so fragment was confirmed. The results are shown in TeSoUe 8. 
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Tables 



Kinds Of Kit Used 


Amplification Results 


Reaction Buffer (Containing 0.004% Sodium Alginate) 
Reaction Buffer (Without Containing Sodium Alginate) 


++ 



•H>: Intensive ampliftcation being obsenred; 
^: Amplification being observed; 
±: Slight amplification t>eing observed; and 
No amplification being ok>served. 



[0130] As shown in Table 8, there was confirmed that ampiification efficiency for a fragment of 1 Ids was improved 
IS In the reaction in which Pfu DNA Polymerase I, Pfu DNA Polymerase II and sodium alginate were used in combination. 
Further, the above study has been conducted for commercially available sodium alginate for each viscosity (1 00 to 1 000 
centipolses), and as a result, completely the same Improvements in the amplification efficiency for DNA synthesis were 
conflmied. 

20 Example 13: Preparation of Kit 

[0131] A PCR Icit (20 reactions) of the present invention was constructed by using Pfu DNA Polymerase II obtained 
in Example 1, DNA Polymerase I and sodium alginate, which is an acidic substance in combination. 
[01 32] The composition for the Idt is shown bekw: 



10 X Reaction Buffer for PCR 


50^1 


100 mM Tris-Hydrochloric Acid (pH 9.2) 




750 mM Potassium Chloride 




0.1% BSA 




0.04% Sodium Alginate (100 to 150 centipolses) 




25 mM Magnesium Chloride Solution 


120 III 


2.5 mM dNTP Mix (2.5 mM Each of dATR dCTR dGTP and dTTP) 


80^1 


Enzyme Mixed Solution for DNA Polymerases (2.5 U of Pfu DNA Polymerase 11 and 2.28 U of Pfu DNA 


10|il 


Polymerase 1 / 1 ^1) 





[0133] A reaction mixture for PCR was prepared using the above Idt. XDNA was used as a template. The composi- 
tion for the reaction mixture is shown in Table 9. 



45 

Table 9 



Composition of Reaction Mixture 


10 X PCR Reaction Buffer 


2.5 |ii 


Magnesium Chloride Solution 


6|il 


dNTP Mix 


4^1 


Enzyme Mixed Solution for DNA Polymerase 


0.5 ^1 


XDNA 


10 pg 


XI Primer 


5pmol 


X3 Primer 


5pmol 
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Table 9 (continued) 



Composition of Reaction IMixture 


Sterilized Distilled Water 


Balance 


Final Volunne 


25 111 



[01 34] In addition, a reaction mixture having the same composition as described above except that sodium alginate 
was not contained was prepared as a control. 
10 [0135] The reaction for the above reaction mixture was carried out underthe PCR conditions shown in Example 12. 
As a result, there could be confimied that the reaction mixture prepared by u^ng the Idt containing sodium alginate 
described above had improved amplification efficiency of a fragment of 1 l(b, as compared to that of control. 

EjicamDle 14: Numerical Explanation on Enhancement of DNA Synthesis Reaction by Acidic Substance 

IS 

[0136] Using the sulfated-f ucose-contalning polysaccharide-F obtained in Example 6 described above, the effiects 
on the activity of Pfu DNA Polymerase II were examined. A reaction mixture comprising XDNA as a template, primers 
A.1 and ^ as a primer pair, and Pfu DNA Polymerase II as DNA polymerase was prepared, and PCR was carried out. 
The composition of the reaction mixture is as follows. 

20 

Composition of Reaction Mixture: 

10 mM Tris-hydrochloric acid, pH 9.2, 75 mM potassium chloride, 6 mM magnesium chloride, 0.4mM each of 
dATR dCTP, dGTP and dTTR 0,01% BSA, 1 .25 U of Pfu DNA Polymerase II, 500 pg of XDNA, and 5 pmol each 
2S of primers XI and A2 (a final volume being 25 |ii). Further, 1 0 ng of the sulfated-f ucose-containing polysaccha- 

ride-F was respectively added to the above reaction mixture. 

[0137] The reaction in 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98''C, 5 seconds - GB^'C, 1 5 seconds. Thereafter, 5 ^1 of the resulting reaction mixture 
30 was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, whereby 
an expected amplified fragment of 0.5 icb was confirmed. In addition, the agarose gel was analyzed by using a fluores- 
cent image analyzer FM-BIO (manufactured by Takara Shuzo Co., Ltd.) to numerically explain the relative amount of 
the amplified fragment. 

[0138] As a result, as compared with a case where a reaction system in which an acidic suk}stance was not added 
35 was considered to be 1 , one using sulfiated-fucose-containing polysaccharide-F, which is an acidic substance, was 4.4. 
In other words, there could be confimied that an amount of amplified product was multiplied by 4.4 by the addition of an 
acidic substance in PCR. 

Ficample 15: Enhancement of DNA Synthesis Reaction by Acidic Substance 

40 

[0139] Using a polyacrylic acid as an acidic substance, the effects on the acth/ity of Pfu DNA Polymerase II were 
examined. A reaction mixture comprising XDNA as a template, primers X1 and X3 as a primer pair, and Pfu DNA 
Polymerase II as DNA polymerase was prepared, and PCR was carried out. The composition of the reaction mixture is 
as follows. 

45 

Composition of Reaction Mixture: 

10 mM Tris-hydrochloric acid, plH 9.2, 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATR dCTR dGTP and dTTR 0.01% BSA, 1 .25 U of Pfu DNA Polymerase II, 500 pg of XDNA, and 5 pmol each 
so of primers XI and X3 (a final volume being 25 ^1). Further, 100 ng of a polyacrylic acid having an average 

molecular weight of about 5,000, about 25,000, about 250,000, or about 1 ,000,000 (each being manufactured 
by Wako Pure Chemteals) was respectively added to the above reaction mixture. 

[0140] The reactk>n in 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
ss comprises a process consisting of 98^C, 5 seconds - G&'C, 1 5 seconds. Thereafter, 5 )il of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidium bromide in an amount of 0.00005%, whereby 
an amplified fragment was confirmed. The results are shown In Table 10. 
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Table 10 



Addic Substance 


Average Molecular 
Weight 


Amplification ResuttB 


Sodium Polyacrytate 


5,000 


++ 




25,000 


++ 




250,000 


■H- 




1,000,000 


++ 


No Addition 







++: Intensive ampllficalion being observed; 
+: Ampliftcation being observed; 
±: Slight amplification k>eing observed; and 
No amplification being observed. 



[0141] A8 shown in Table 10, there was confirmed that an expected fragment of 1 was excellently amplified In 
20 any case where the sodium polyacrylate of any of the average molecular weights was added. On the other hand, for a 
similar reaction mbcture without addition of the acidc substance, when PGR was candied out under the above reaction 
conditions, an amplified fragment of 1 kb could not be confirmed. 

Example 16: Effects of Acidic Substances on a-Type DNA Polymerase 

25 

[0142] 

(1) Using sodium alginate, sodium hyaluronate (manufactured by Seikagalcu Kogyo), or K carrageenan (manufac- 
tured by Sigma), the effects of these acidic sut)stances on a-type DNA polymerase were examined. A reaction mbc- 
30 ture comprising XDN A as a template, primers XI and XB as a primer pair, and KOD DNA Polymerase (manufactured 
by TOYOBO CO., LTD.) as DNA polymerase was prepared, and PGR was carried out The composition of the reac- 
tion mbcture is as follows. 

Gomposition of Reaction Mbcture: 

35 

KOD DNA Polymerase Buffer 1 (manufactured by TOYOBO CO., LTD.) 0.2 mM each of dATR dCTP, dGTP 
and dTTP, 0.625 U of KOD DNA Polymerase, 100 pg of ADNA, and 5 pmol each of primers XI and X8 (a 
final volume being 25 |il). Further, 1 \ig or 2.5 ^g of sodium alginate, 0.1 ^g or 0.5 |ig of sodium hyaluro- 
nate, or 0.1 |ig or 0.25 iig of k carrageenan was respectively added to the above reaction mbcture. 

40 

The reaction in 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98''C, 5 seconds - 68''C, 3 minutes. Thereafter, 5 |il of the resulting reaction mbc- 
ture was subjected to electrophoresis on 1% agarose gel containing ethidlum bromide in an amount of 0.00005%, 
45 wheretiy an amplified fragment was confimned. The results are shown In Tak)le 1 1 . 



so 



55 
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Table 11 



Addic Substance 


Amount Added (jig) 


Amplification Results 


Sodium Alginate 


1 


++ 




2.5 


++ 


Sodium Hyaluronate 


0.1 


+ 




0.5 


+ 


K Carmgeenan 


0.1 


+ 




0.25 


+ 


No Addmon 




± 



<M-: IntenslvB amplification being observed; 
+: Amplification being observed; 
±: Siigtit amplification being ot>served; and 
No amplification being observed. 



20 

As shown In Table 1 1 , there was confimied that an expected fragment of 1 0 kb was excellently amplified In any 
case where acidic substances were added. On the other hand, for a similar reaction mixture without addition of the 
acidic substances, when PGR was carried out under the above reaction conditions, an amplified fragment of 1 0 Icb 
could be confirmed weakly. 

25 

(2) The effects on a-type DNA polymerase were also examined in the same manner as In item (1 ) above for sodium 
alginate, k canBgeenan, sodium heparan sulfate (manufactured by Sigma), sodium demiatan sulfate (manufac- 
tured by Sigma), potassium polyvinyl sulfate (manufactured by nacalaitesque) or sodium polystyrenesulfonate (two 
kinds: average molecular weights of 5,400 and 35,000, ail manufactured by nacalaitesque). A reaction mixture 
30 comprising XDNA as a template, primers XI and X8 as a primer pair, and KOD DNA Polymerase as DNA polymer- 
ase was prepared, and PGR was carried out The composition of the reaction mbcture is as follows. 

Gomposition of Reaction Mixture: 

35 KOD DNA Polymerase Buffer II (nrmnufactured by TOYOBO GO., LTD.) 0.2 mM each of dATP, dGTP, dGTP and 

dTTR 1 .25 U of KOD DNA Polymerase, 1 00 pg of XDN A, and 1 0 pmol each of primers XI and X8 (a final vol- 
ume being 50 ^1). Further, 2.5 ^g or 5 ^g of sodium alginate, 0.25 |ig or 0.5 ^g of k carmgeenan, or 125 ng, 
250 ng or 375 ng of sodium demiatan sulfate, 500 ng of sodium heparan sulfate, 10 ng of potassium polyvinyl 
sulfate, 2.5 ng or 5 ng of sodium polystyrenesulfonate (average molecular weight 5,400), or 5 ng of sodium 

40 polystyranesulfonate (average molecular weight: 35,000) was respectively added to the above reaction mix- 

ture. 

[0143] The reaction in 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of OS^'G, 5 seconds - 68**G, 3 minutes. Thereafter, 5 |lI of the resulting reaction mixture 
45 was subjected to electrophoresis on 1% agarose gel containing ethidium bromide In an amount of 0.00005%, whereby 
an amplified fragment was confirmed. The results are shown in Table 12. 
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Table 12 



Acidic Substance 


Amount Added 


Amplification Results 


Sodium Alginate 


2.5 ug 


++ 




5 Jig 


++ 


K Carregeenan 


0.25 |ig 


++ 




0.5 ^g 


++ 


Sodium Demnatan Sulfate 


125 ng 


+ 




250 ng 


+ 




375 ng 


+ 


Sodium Heparan Sulfate 


500 ng 


+ 


Potassium Polyvinyl Sulfele 


10 ng 


+ 


Sodium Polystyrenesulfonate 


2.5 ng 


+ 


(Average Molecular Weight: 5,400) 


5 ng 


+ 


(Average Molecular Weight: 35,000) 


5ng 


+ 


No Addition 







-H-: Intensiva ampllficalion being obsen^; 
+: Amplification k>etng observed; 
±1 Slight amplification being observed; and 
~: No amplification being observed. 



30 [0144] As shown in Table 12, there was confimied that an expected fragment of 10 l(b was excellently amplified in 
any case where acidic substances were added. On the other hand, for a similar reaction mixture without addition of the 
acidic substances, when PCR was carried out under the above reaction conditions, an amplified fragment of 10 ld> 
could not be confimied. 

35 Example 17: Effwte Qf Catlpnlc Compte?^s on Yftriow KIndg of PNA Potymeragw 

[0145] Using hexaamminecobalt (III) chloride ([Co(NH3)e]Cl3) (manufactured by Sigma), tris(ethylenedi- 
amine)cobatt (III) chloride ([Co(C^^2hi^^) (manufactured fc)y Aldrich), or tris(ethylenedlamine)rhodium (III) trichlo- 
ride •trihydrate aRh(C2HaN2)3lCl3*3H20) (manufactured by Aldrich), the effects on the amplification reaction by 
40 various Icinds of DNA polymerases were examined. As the DNA polymerases, TaKaRa Taq DNA Polymerase (herein- 
after referred to as Taq DNA Polymerase" manufactured by Takara Shuzo Co., Ltd.), Pyrobest DNA Polymerase (man- 
ufactured tiy TskBm Shuzo Co., Ltd.) and Ex Taq DNA Polymerase (manufactured by Takara Shuzo Co., Ltd.) were 
used. 

[0146] A reaction mixture comprising Escherichia ooli JM109 genomic DNA as a template, primers Eool and Eco2 
45 as a primer pair, and DNA polymerase was prepared, and PCR was carried out The compositions of the reaction mix- 
ture for each enzyme are as follows. 

Compositions of Reaction Mixtures: 

so 1 ) Reactton System for Taq DNA Polymerase 

5 |ii of buffer for 10 x Taq PCR buffer (nrmnufactured by Takara Shuzo Co., Ltd.), 0.2 mM each of dATP, 
dCTP, dGTP and dTTP, 1 .25 U of Taq DNA Polymerase, 1 00 pg of Escherichia cdl JM1 09 genomte DNA, 
and 10 pmol each of primere Ecol and Eco2 (a final volume being 50 ^1). 

55 

2) Reaction System for Pyrobest DNA Polymerase 

5 ^1 of 10-1bld concentrated Pyrobest buffer (manufactured tiy Takara Shuzo Co., Ud.), 0.2 mM each of 
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dATR dCTR dGTP and dTTP. 1.25 U of Pyrobest DNA Polymerase, 100 pg of EschBhMa coll JM109 
genomic DNA, and 10 pmol each of primers Eco1 and Eco2 (a final volume being 50 |il). 

3) Reaction System for ExTaq DNA Polymerase 

5 

a reaction mixture comprising 5 |il of 10-fold concentrated buffer Ibr TaKaRa ExTaq DNA Polymerase 
(manufactured by Takara Shuzo Co., Ltd.), 0.2 mM each of dATR dCTR dGTP and tfTTR 100 pg of 
Escherichia oo// JM109 genomic DNA, 1.25 U of TaKaRa EX-Taq DNA Potymerase, and 10 pmol each of 
primers Ecol and Eco2 (a final volume being SO ^1). 

10 

[0147] Further, an aqueous solution of the above-mentioned complexes each so as to have a final concentration of 
50 ^M, 100 |iM, or 200 \M was added to the above reaction mixture. 

[0148] The reaction was canrled out in Fast mode by using TaKaRa PCR Thenr^al Cycler Personal (manufactured 
by Tal(ara Shuzo Co., Ltd.). The reaction conditions are as follows. When using Taq DNA Polymerase and Pyrobest 

IS DNA Polymerase, the reaction in 30 cycles was carried out tor each of these reaction mixtures, wherein one cycle of 
reaction comprises a process consisting of 98**C, 5 seconds - 68^, 2 minutes, and when using ExTaq DNA Polymer- 
ase, the reaction in 30 cycles was cam'ed out for each of these reaction mixtures, wherein one cycle of reaction com- 
prises a process consisting of 98''C, 5 seconds - es^'C, 1 minute. After the tennination of the reaction, 5 ^1 of the 
resulting reaction mixture was subjected to electrophoresis on 2% agarose gel containing ethidium bromide in an 

20 amount of 0.00005%. The gel after the electrophoresis was subjected to ultraviolet irradiation to visualize the band 
ascribed to the amplified product, whereby an amplified fragment was confirmed. The amount of amplified DNA was 
numerically explained by using a fluorescent image analyzer FM-BIO 100 (manufactured by Takara Shuzo Co.. Ltd.). 
The results are shown in Table 13. 

25 

Table 13 



Cationic Complex 


DNA Polymerase 




Tag 


Pyrobest 


ExTaq 


[Co(NH3)6lCi3 










2.3 


2.1 


1.9 


100 \iM 


2.9 


2.1 


1.9 


200 




2.1 




tCo(H2NCH2CH2NH2)3]Cl3 








50|iM 


2.6 


2.1 


2.0 


100 |iM 


3.0 


2.2 


2.0 


200 |iM 








[Rh(H2NCH2CH2NH2)3]a3 








50^ 


1.4 


1.4 


1.3 


lOO^M 


2.1 


1.7 


1.5 


200 


2.5 


2.0 


1.7 


No Addition 


1 


1 


1 



SO [0149] As a result, with re^rd to Taq DNA Polymerase, there was confirmed an increase in the amount of DNA 
amplified in about 1 .4 times to about 3 times that of a case of no addition, in the reaction in whteh 50 or 1 00 of 
hexaammineoobait (111) chloride, 50 |iM or 100 iiM of ti1s(ethylenediamine)cobalt (ill) chtoride, or 50 \M, 100 ^iM or 
200 |iM of tr1s(ethylenediamine)rtiodium (III) trichloride was added. 

[0150] Next, with regard to Pyrobest DNA Polymerase, there was confirmed an increase in the Eunount of DNA 
ss amplified in about 1 .4 times to at>out 2.2 times that of a case of no addition, in the reaction in whteh 50 ^iM, 1 00 or 
200 [M of hexaammlnecobalt (III) chloride, 50 ^ or 1 00 of tris(ethylenediamlne)cobalt (111) chloride, or 50 |iM, 1 00 
|iM or 200 \M of trls(ethylenediamlne)rhodium (III) trichloride was added. 

[0151] Further, with regard to ExTaq DNA Polymerase, there was confirmed an increase in the amount of DNA 
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amplifled in about 1 .3 times to about 2 times that of a case of no addition, In the reaction in which 50 ^ or 1 00 \M of 
hexaamminecobait (ill) chloride, 50 or 1 00 of tri8(ethylenediamine)cobalt (III) chloride, or 50 \jM, 1 00 or 200 
\iU of trl8(ethylenediamlne)rhodlum (III) trichloride was added. 

5 Example 18: Effects on Reaction Time by Addition of HexaamminecQbalt (III) Chloride 

[0152] With regard to each DNA polymerase, the effects on shortening the reaction time by the addition of hexaam- 
minecobatt (III) chloride were examined. 

[0153] The DNA polymerases used and the composition for the reaction mixture were similar to those in Example 
10 1 7, except for the cationic complex, where in cases of using Taq DNA Polymerase and Pyrobest DNA Polynnerase, hex- 
aamminecobait (III) chloride was added so as to have a final concentration of 100 \M, and in a case of using ExTaq 
DNA Polymerase, hexaamminecobalt (III) chloride was added so as to have a final concentration of 50 ^IVI, respectively. 
[0154] The reaction was carried out in Fast mode by using TaKaRa PGR Thermal Cycler Personal. The reaction 
conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction in 30 cycles 
IS was earned out, wherein one cycle of reaction comprises a process consisting of 98^C, 5 seconds - 6B^C, 60 seconds 
or 80 seconds or 100 seconds or 120 seconds. When using ExTaq DNA Polymerase, the reaction in 30 cycles was car- 
ried out, wherein one cyde of reaction comprises a process consisting of B&^C, 5 seconds - 68^*0, 30 seconds or 40 
seconds or 50 seconds or 60 seconds. 

[0155] On the other hand, as a control, the time period or numt)er of cycles for annealing and extension reaction 
20 were determined so as to obtain the same amount of the amount of amplified product for one without addition of the 
cationic complex mentioned above. 

[0156] After the termination of the reaction, 5 ^1 of the resulting reaction mixture was subjected to electrophoresis 
on 2% agarose gel containing ethidium bromide in an amount of 0.00005%. The gel after the electrophoresis was sub- 
jected to ultraviolet irrediation to visualize the band ascribed to the amplifled product, whereby an amplified fragment 
2S was confirmed. The results are shown in Table 14. 



Table 14 



Cationic Connpiex 


DNA Polymerase 


Addition 


No Addition 


Taq and Pyrobest 


98X,58-68<>C, 60 8 
30 Cycles 
(Time Period Required: 2953 s) 


98<'C, 58-68"^, 120 s 
31 Cycles 
(Time Period Required: 4911 s) 


ExTaq 


98*»C, 6 s - 68°C, 40 s 
30 Cycles 
(Time Period Required: 2294 s) 


98*»C, 5 s - 60*»C, 60 s 
30 Cycles 
(Time Period Required: 2953 s) 



[0157] As shown in Table 1 4, in the cases of using Taq DNA Polymerase and Pyrobest DNA polymerase, when hex- 
aamminecobalt (III) chloride was added in an amount of 100 \jM, the reaction time period could be shortened to about 
3^5 that of the case of no addition. Further, in the case of using ExTaq DNA Polymerase, when hexaamminecobalt (III) 
45 chloride was added in an amount of 50 |iM, the reaction time period could be shortened to about 4/5 that of the case of 
no addition. 

Example 19: Effects o n Amplification Sensithnty by Addition of Hexaamminecobalt (ill) Chloride 

50 [0158] With regard to each of DNA polymerases, the effects on the amplification sensitivity tiy the addition of hex- 
aamminecobalt (III) chloride were examined. 

[0159] The DNA polymerases used and the composition for the reaction mb(ture were similar to those in Example 
1 7, except fbr the cationic complex, where In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hex- 
aamminecobalt (III) chloride was added so as to have a final concentration of 1 00 \M, or in a case of using ExTaq DNA 
55 Polymerase, hexaamminecobalt (III) chloride was added so as to have a final concentration of 50 respectively. Fur- 
ther, the amount of template DNA was added so as to be 1 pg. 5 pg, 10 pg, 100 pg, or 1 ng, respectively. 
[0160] The reaction was canied out in Rist mode by using TaKaRa PCR Thennal Cyder l=>ersonai. The reaction 
conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction in 30 cycles 
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was carried out, wherein one cycle of reaction comprises a process consisting of 98"^, 5 seconds - 68"^, 2 minutes. 
When using ExTaq ONA Polymerase, the reaction in 30 cycles was earned out, wherein one cycle of reaction comprises 
a process consisting of 98®C, 5 seconds - 68®C, 1 minute. 

[0161] On the other hand, as a control, the reaction for one without addition of the cationic complex was carried out 
5 In the same manner. 

[0162] After the tennination of the reaction, 5 |il of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethldlum bromide in an amount of 0.00005%. The gel after the electrophoresis 
was subjected to ultraviolet irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confimried. 

10 [0163] As a result, there could be confinned that In any case where any enzymes were used, the addition of hex- 
aamminecobatt (III) chloride allowed to amplify even in an amount of template DNA of 1 pg, amplification can t>e earned 
out by. On the other hand, in the case of no addition, amplification could not be carried out just with an amount of tem- 
plate DNA of 1 pg. 

IS Example 2Q; Effects on Ampijfipatiop Reggtion In low-MagneslMm conggntT^ion RMgtiQn MiMture lay AdcTrtjon of He?<' 
aammlnecQbalt (III) Chloride 

[0164] Using hexaammlnecobalt (Hi) chloride, the effects on the amplification reaction in a reaction mixture having 
a magnesium concentration lower than that of a usually employed one were examined. 

[0165] The DNA polymerases used and the composition for the reaction mixture were similar to those in Example 
17, except for using each of magnesium-free, 10 x PGR buffers (each being manufactured by Taf(ara Shuzo Co., Ltd.) 
for each DNA polymerase. Further, with regard to magnesium chloride, magnesium chloride was added so as to have 
an amount smaller than the usual content for each of Taq DNA Polymerase (the amount being 0.75 rxM against the 
usual amount of 1 .5 mM), Pyrobest DNA Polymerase (the amount being 0.5 mM against the usual amount of 1 mM), or 
ExTaq DNA Polymerase (the amount being 1 .25 mM against the usual amount of 2 mM). Further, with regard to the cat- 
ionic complex, in cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaammlnecobalt (III) chloride 
was added so as to have a final concentration of 100 |iM, or In a case of using ExTaq DNA Polymerase, hexaammlne- 
cobalt (III) chloride was added so as to have a final concentration of 10 ^M, respectively. 

[0166] The reaction was carried out in Fast mode tsy using TaKaRa PGR Themnal Gyder Personal. The reaction 
conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction in 30 cycles 
was carried out, wherein one cycle of reaction comprises a process consisting of 98^0, 5 seconds - 68^0, 2 minutes. 
When using ExTaq DNA Polymerase, the reaction in 30 cycles was carried out, wherein one cyde of reaction comprises 
a process consisting of 98''G, 5 seconds - 68°C, 1 minute. 

[0167] On the other hand, the reaction for one without addition of the cationic complex was canled out in the same 
manner as a control. 

[0168] After the termination of the reaction, 5 ^1 of the resulting reaction mixture was subjected to electrophoresis 
on 2% agarose get containing ethldlum bromide in an amount of 0.00005%. The gel after the electrophoresis was sub- 
jected to ultraviolet irradiation to visualize the band ascribed to the amplified product, wherelay an amplified fragment 
was confimied. 

[0169] As a result, there was confirmed that In all of DNA polymerases, the addition of the cationic complex allowed 
to amplify In a case where the magnesium concentration was made smaller than the usual content However, in the case 
of no addition of cationic complex, amplification could not be carried out. 

Example 21 ; Effects pf (.ow-Prirper Concentration In Reaction Mixture on Amplification Reaction Addition of Hex- 
45 aammlnecobait (l|l) Chloride 

[0170] Using hexaammlnecobalt (III) chloride, the effects of a reaction mixture having a pr^er concentration lower 
than that of a usually employed one on the amplification reaction were examined. 

[0171] TTie DNA polymerases used and the composition for the reaction mixture were similar to those in Example 
so 17, except for adding two tdnds of primers used each In an amount of 2, 2.5, 3.3, 5, 1 0 or 20 pmol, respectively. Further, 
with regard to the cationic complex, in cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaam- 
mlnecobalt (III) chloride was added so as to have a final concentratton of 100 or in a case of u^ng ExTaq DNA 
Polymerase, hexaanrvnlneoobalt (III) chloride was added so as to have a final concentration of 50 [M, respectively. 
[0172] The reaction was carried out in Fast mode tiy using TaKaRa PCR Thermal Cycler Personal. The reaction 
ss conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction in 30 cycles 
was carried out, wherein one cycle of reaction comprises a process consisting of 98^C, 5 seconds - 68''C, 2 minutes. 
When using ExTaq DNA Polymerase, the reaction in 30 cycles was carried out, wherein one cyde of reaction comprises 
a process consisting of 98*^, 5 seconds - 68^C, 1 minute. 
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[0173] On the other hand, the reaction for one without addition of the cationlc complex was canied out in the same 
manner as a control. 

[0174] After the termination of the reaction, 5 ^1 of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethidium bromide in an amount of 0.00005%. The get after the electrophoresis 
5 was subjected to ultraviolet irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confinmed. 

[0175] As a result, there was confirmed that in a case of using Taq DNA Polymerase, a fragment can be amplified 
even with a primer amount of as little as 2 pmol in the presence of the cationlc complex. On the other hand, in the case 
of no addition of the cationlc oompiex, amplification could not be carried out Next, in a case of using Pyrobest DNA 
10 Polymerase, a fragment can be amplified even with a primer amount of as little as 3.3 pmol In the presence of the cat- 
ionic complex. On the other hand, in the case of no addition of the cationic oompiex, amplification could not be carried 
out. Further, in a case of using ExTaq DNA Polymerase, a fragment can be amplified even with a primer amount of as 
little as 2.5 pmol in the presence of the cationic complex. On the other hand, in the case of no addition of the cationic 
complex, amplification could not be canied out. 

15 

Example 22: Effects on Enzyme Amount and Amplification Reactions by Addition of Hexaamminecobalt (III) Chloride 

[0176] Using hexaamminecobalt (III) chloride, the effects on amplification reaction with an enzyme in an amount of 
one-half that of usually used. 

20 [0177] As the enzymes, Taq DNA Polymerase and ExTaq DNA Polymerase were used. 

[01 7S] The composition for the reaction mixture was similar to those in Example 1 7, except for the amount of DNA 
polymerase used. In other words, 0.625 U of DNA polymerase was used. Further, with regard to the cationic complex, 
in cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaamminecobalt (111) chloride was added so 
as to have a final concentration of 1 00 or In a case of using ExTaq DNA Polymerase, hexaamminecobalt (III) chlo- 

25 ride was added so as to have a final concentration of 50 ^M, respecth/ely. 

[0179] The reaction was canied out in Fast mode by using TaKaRa PGR Thermal Cycler Personal. The reaction 
conditions are as follows. When using Taq DNA Polymerase, the reaction in 30 cycles was carried out, wherein one 
cycle of reaction comprises a process consisting of 98^C, 5 seconds - 68^C, 2 minutes. When using ExTaq DNA 
Polymerase, the reaction In 30 cycles was carried out, wherein one cycle of reaction comprises a process consisting of 

30 9Q'*C, 5 seconds - 68X, 1 minute. 

[0180] On the other hand, as a control, the reaction for one using 1 .25 U of DNA polymerase without addition of the 
cationic complex was carried out in the same manner. 

[0181] After the temninatlon of the reaction, 5 ^1 of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethidium bromide in an amount of 0.00005%. The gel after the electrophoresis 
35 was subjected to ultraviolet irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was conflmied. 

[0182] As a result, there was confimned that in either case of using Taq DNA Polymerase or ExTaq DNA Polymer- 
ase, even if the amount is one-half the usual amount, the fragment can be amplified in the presence of the cationlc com- 
plex to almost the same level as the usually used amount of the case of no addition. 

40 

Example 23: Effects on Addition of Cationlc Complex When Amollfvlna GC-Rlch Region 

[0183] The effects on addition of the cationic complex were examined when PGR amplification was candied out with 
a GG-rich region as a target. As the cationic complex, there was used trls(etiiylenediamine)cobalt (III) chloride, or 
45 tris(ethylenediamine)riiodium (III) trichloride »trihydrate. Template DNA was prepared from HT29 celts by conventional 
method. Amplified region and amplified chain lengths were human ApoE genomic region and 441 bp. The GC content 
of this amplified region was about 74%. As DNA polymerase, TaKaRa LA-Taq DNA Polymerase (manufectured by 
Takara Shuzo Co., Ltd., hereinafter refen^d to as "LA-Taq DNA Polymerase") was used. The composition for a reaction 
mixture is shown below. 

50 

Composition for Reaction Mixture: 

25 III of 2 X GC buffer I (manufactured by Takara Shuzo Co., Ltd.), 0.4 mM each of dATP, dCTP, dGTP and 
dTTP, 2.5 U of LA-Taq DNA Polymerase, 100 ng of l-rT29 cells genomte region, and 20 pmol each of primers 
55 ApoE-1 and ApoE-2 (a final volume being 50 Each of the above cationic complex was added to the above 

reaction mixture so as to have a final concentration of 50, 1 00, 200, or 500 |iM, respectively. 

[0184] The reactton was carried out in Fast mode by using TaKaRa PGR Thermal Cycler PereonaL As regarding 
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the reaction conditions, the reaction in 30 cycies was carried out, wherein one cycie of reaction comprises a process 
consisting of OS^'C, 5 seconds - 64**C, 1 0 seconds - 72**C, 40 seconds. On the other hand, as a controi, the reaction for 
one without addition of the cationic compiex was carried out in the same manner. 

[0185] After the termination of the reaction, 5 |il of each of the resulting reaction mixtures was subjected to electro- 
5 phoresis on 2% agarose gel containing ethidlum bromide in an amount of 0.00005%. The gel after the electrophoresis 
was subjected to uttrEMolet inBdiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confimried. 

[01S6] As a result, In a cash of adding tri8(ethylenediamine)cobatt (III) chloride, there was confinned that the DNA 
synthesis reaction was enhanced as the concentration of added complex was increased. In addition, in a case of adding 
10 tris(ethylenediamine)rhodium (I il) trichloride • trihydrate, there was also confirmed that the DNA synthesis reaction was 
enhanced as the concentration of added complex was increased as 100 |iM, 200 and 500 \M. l-lowever, in the case 
of no addition for neither of the cationic complexes, amplification could not be carried out 

Example 24: Effects on Amplified Chain Length When Adding Cationic Compiex 

15 

[0187] The effects on the amplified chain length when adding a cationic complex were examined. As the cationic 
complex, there was used hexaamminecobalt (III) trichloride. As template DNA. there was used Escherichia cdi 
genome or ADNA. As primers, In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, there was used 
a combination of Eco1 and Eco5, and in a case of using LA-Taq DNA Potymerase, there was used a combination of 

20 }JiJ36 and XR485. As DNA polymerase, there was used Taq DNA Potymerase, Pyrobest DNA Polymerase or LA-Taq 
DNA Polymerase. The composition for the reaction mixture was similar to those in Example 17, except for using the 
above primer paire and 10 ng of Escherichia coti genome as template DNA in cases of using Taq DNA Polymerase and 
Pyrobest DNA Potymerase. To the above reaction mixture was added hexaamminecobalt (III) trichloride so as to have 
a final concentration of 1 0 ^IVI or 20 \M In a case of using Taq DNA Polymerase, or was added hexaanrmninecobait (III) 

25 trichloride so as to have a final concentration of 50 iiM or 1 00 \M in a case of using Pyrobest DNA Potymerase, respec- 
tively. As a control, the one without addition of the cationic complex was also prepared in the same manner. 
[0188] On the other hand, the composition for a reaction mixture when using UK-Taq DNA Polymerase is shown 
below. 

[0189] 5 111 of 1 0 X UV-PCR Buffer 11 (Mg^+ plus) (manufactured by Takara Shuzo Ca, Ltd.), 0.4 nM each of dATP, 
30 dCTP, dGTP and cfTTP, 2.5 U of LA-Taq DNA Potymerase, 1 ng of XDNA, and 20 pmoi each of primers XL36 and Afl486 
(a final volume being 50 |il). i-iexaanvninecobait (ill) trichloride was added to the sbove reaction mixture so as to have 
a final concentration of 50 )M. As a control, the one without addition of the cationic compiex was also prepared In the 
same manner. 

[0190] The reaction was canied out in Fast mode by using TaKaRa PCR Thermal Cycler Pereonal. The reaction 
35 conditions are as follows. When using Taq DNA Potymerase and Pyrobest DNA Polymerase, the reaction in 30 cycles 
was carried out, wherein one cycle of reaction comprises a process consisting of 98°C, 5 seconds - 68''C, 10 minutes. 
When using LA-Taq DNA Polymerase, after treating at 94''C, 1 minute, the reaction In 30 cycles was canied out, 
wherein one cycle of reaction comprises a process consisting of WC, 10 seconds - 6B°C, 15 minutes, and thereafter 
the reaction was completed by treating at 72®C, 15 minutes. 
40 [0191 ] After the temiination of the reaction, 5 \i\ of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethidlum bromide in an amount of 0.00005%. The gel after the electrophoresis 
was subjected to ultraviolet irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confirmed. 

[0192] As a result, when using Taq DNA Polymerase, a desired DNA fragment could be excellently amplified even 
45 when hexaamminecobalt (III) trichloride was added at any of concentrations. However, In the case of no addition, a frag- 
ment was only slightly amplified. Next, when using Pyrobest DNA Potymerase, a desired DNA fragment could be excel- 
lently amplified even when hexaamminecobalt (til) trichloride was added at any of concentrations, l-towever, in the case 
of no addition, a fragment was only slightly amplified. Further, when using LA-Taq DNA Polymerase, a desired DNA 
fragment couid be excettentty amplified even when hexaamminecobalt (III) trichloride was added at any of concentra- 
50 tions. However, in the case of no addition, a fragment was only siightiy amplified. 

iiUnUSTRIAL APPLICABiLiTY 

[0193] According to the present invention, there is provided a DNA synthesis reaction-enhancer which enhances 
55 DNA synthesis reaction by DNA polymerase. The enhancer exhibits an action for various kinds of DNA polymerases, 
and enhances the DNA synthesis reaction. In addition, the present Invention provides a DNA synthesis reaction com- 
position which is capable of canying out DNA synthesis at high efficiency. The DNA synthesis reaction-enhancer and 
the DNA synthesis reaction composition of the present invention can be utifized for various processes using DNA 
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polymerases, for Instance, PGR method, and can be utilized for reseanch agents for genetic engineering. 



Claims 

5 1 . A DNA synthesis reaction-enhancer comprising at least one Idnd selected from the group consisting of acidic sub- 
stances and cationic complexes. 

2. The DNA synthesis reaction-enhancer according to claim 1, wherein said acidic substance is an acidic macromo- 
lecularsut)stance. 

10 

3. The DNA synthesis reaction-enhancer according to claim 2, wherein said acidic macromolecular substance is an 
acidic polysaccharide. 

4. The DNA synthesis reaction-enhancer accorcBng to daim 2 or 3, wherein said acidic macromolecular substance is 
IS one or more substances selected from the group consisting of sulfBted-fucose-containing polysaccharides, dextran 

sulfate, carrageenan, heparin, rhamnam sulfate, dermatan sulfate (chondroitin sulfate B), heparan sulfate, 
hyaluronic acid, alginlc acid, pectin, polyglutamlc adds, potyacrylic adds, polyvinyl sulfates, polystyrene sulfotes, 
canageenan, DNA and salts thereof. 

20 5. The DNA synthesis reaction-enhancer according to claim 4, wherein said sulfated-fucose-contalning polysaccha- 
ride is sulfated-fucose-containing polysaccharide-F or sulfated-fucose-containing polysaccharide-U. 

6. The DNA synthesis reaction-enhancer according to claim 1 , wherein said cationic complex is a transition metat 
complex. 

25 

7. The DNA synthesis reaction-enhancer according to claim 6, wherein a central atom in said transition metal complex 
is a transition element of the Group VIM of the elemental periodic table. 

8. The DNA synthesis reaction-enhancer according to claim 7, wherein said transition element is one or more ele- 
30 ments selected from the group consisting of cobalt, rhodium and Iridium. 

9. The DNA synthesis reaction-enhancer according to claim 8, wherein said transition metal complex is one or more 
kinds selected from the group consisting of [Co(NH3)e]Cl3, [Co(H2NCH2CH2NH2)3]Cl3 and 
[Rh(H2NCH2CH2NH2)3|Cl3. 

35 

1 0. A DNA synthesis method characterized in that during a DNA synthesis reaction a reaction is carried out in the pres- 
ence of the DNA synthesis reaction-enhancer of any one of claims 1 to 9 by using DNA polymerase. 

11. The DNA synthesis method according to daim 10, wherein two or more kinds of DNA polymerases are used. 

40 

1 2. The DNA synthesis method according to claim 1 1 , wherein one DNA polymerase having 3' -> 5' exonuclease acth/- 
ity, and the other DNA polymerase having no 3' 5' exonudease activity are used. 

13. The DNA synthesis method according to claim 1 1 , wherein two or more kinds of DNA polymerases each having 3' 
45 5* exonuclease activity are used. 

14. The DNA synthesis method according to claim 1 3, wherein a-type DNA polymerase and non-a, non-poll type DNA 
polymerase are used. 

so 1 5. The DNA synthesis method according to any one of claims 1 0 to 1 4, whk:h Is carried out by polymerase chain reac- 
tion (PGR) method. 

16. A DNA synthesis reaction composition comprising the DNA synthesis reacQon-enhancer of any one of daims 1 to 
9. 

55 

17. The DNA synthesis reactton composition according to claim 16, further comprising DNA polymerase. 

18. The DNA synthesis reaction composition according to daim 17, wherein the composition conrtprises two or more 
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kinds of DNA polymeiBses. 

19. The DNA synthesis reaction composition according to claim 16, wherein the composition comprises two or more 
kinds of DNA polymerases each having 3* -> 5' exonuclease activity. 

5 

20. The DNA synthesis reaction composition according to claim 19, wherein the composition conprises a-type DNA 
polymerase and non-a, non-poll type DNA polymerase. 

21. The DNA synthesis reaction composition according to dcdm 18, wherein the composition comprises one DNA 
10 polymerase having 3' -> 5' exonuclease activity, and the other DNA polymerase having no 3' -> 5' exonuclease 

activity. 

22. A DNA synthesis reaction composition comprising two or more kinds of DNA polymerases each having 3' -> 5' exo- 
nuclease activity. 

IS 

23. The DNA synthesis reactton composition according to claim 22, wherein the composition comprises a-type DNA 
polymerase and non-a, non-poll type DNA polymerase. 

24. A DNA synthesis method characterized in that during a DNA synthesis reaction two or more kinds of DNA polymer- 
20 ases each having 3' -> 5' exonuclease activity are used. 

25. The DNA synthesis method according to claim 24, wherein a-type DNA polymerase and non-a, non-poll type DNA 
polymerase are used. 

25 26. The DNA synthesis method according to claim 24 or 25, whtoh Is earned out by polymerase chain reaction (PGR) 
method. 

27. A kit for use in in vitro DNA synthesis, comprising two or more kinds of DNA polymerases each having 3' 5* exo- 
nuclease activity. 

30 

28. The kit according to claim 27, wherein the kit comprises a-type DNA polymerase and non-a, non-poll type DNA 
polymerase. 

29. The kit according to dalm 27 or 26, further comprising a reagent usable for DNA synthesis. 

35 

30. The kit according to any one of claims 27 to 29, wherein said DNA polymerase is a thermostable DNA polymerase. 

31. A kit for use in in vitro DNA synthesis, wherein the kit comprises the DNA synthesis reaction-enhancer of any one 
of claims 1 to 9 and DNA polymerase. 

40 

32. The kit according to claim 31 , further comprising a reagent usable for DNA synthesis. 

33. The kit according to dalm 31 or 32, whtoh comprises two or more kinds of DNA polymerases. 

45 34. The kit according to any one of claims 31 to 33, wherein said DNA polymerase Is a themiostable DNA polymerase. 
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